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1.1 Definición.%El( crecimiento( intrauterino( es( un( proceso( de( gran( complejidad( biológica( y(fisiológica,(en(el(cual(a(partir(de(una(única(célula(se(forma(un(ser(pluricelular(con(órganos(y(tejidos(bien(diferenciados.(Consta(de(tres(períodos,(cada(uno(de(ellos(con(características(específicas,(que(van(a(condicionar(la(expresión(de(diferentes(cuadros(clínicos:(el(período"de"









- Los( mecanismos( homeostáticos( que( se( encargan( del( mantenimiento( del( medio(pericelular(no(son(autónomos.(
- Las(funciones(respiratoria,(renal(y(hepática(no(están(desarrolladas(del(todo,(siendo(la(placenta(quien(regula(la(transferencia(de(los(productos(del(metabolismo(fetal(a(la(circulación(materna.(
- La( multiplicación( y( diferenciación( celular( se( regulan( por( mecanismos( de( tipo(autocrinos/paracrinos.(
- A( diferencia( de( lo( que( ocurre( en( la( vida( extrauterina( se( expresan( factores( de(transcripción( y( se( sintetizan( factores( de( crecimiento( tisulares( que( actúan(localmente,(sin(regulación(endocrina.(






1.2.1%%%%Factores%genéticos.%El(crecimiento(intrauterino(está(influenciado(por(factores(genéticos,(tanto(maternos(como(fetales.(Estos(factores(pueden(explicar(hasta(un(38%(de(las(variaciones(observadas(en( el( peso( al( nacer.( Un( 53%( de( este( 38%( es( debido( al( genotipo( materno,( otro( 39%( al(genotipo(fetal(y(otro(5%(al(sexo(fetal.5,6,(El( peso( al( nacimiento( presenta( variaciones( étnicas( y( raciales.( También( varía( en(función( del( género,( así,( los( recién( nacidos( varones( suelen( pesar( 150( g( más( que( las(niñas.7,8,9(((Las(anomalías(genéticas(pueden(dar(lugar(a:(2Interrupción(del(embarazo.(2Retraso(del(crecimiento(intrauterino((trisomías(15,(18,(21(y(síndrome(de(Turner)(2Exceso( de( crecimiento( (síndrome( de( Beckwith2Wiedman,( duplicación( del( brazo(corto(del(cromosoma(11).10,11(
Recientemente se ha identificado una familia de genes homeobox implicados en el 
desarrollo de la placenta normal. Una mejor comprensión de las dianas moleculares de 
los genes homeobox puede conducir a nuevas terapias para la angiogénesis aberrante de 
la placenta que se asocia con la restricción del crecimiento fetal.12,13 
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1.2.3%%%%Factores%placentarios.%La( implantación(y(el(desarrollo(del( lecho(vascular(útero2placentario(es( importante(para(el(desarrollo(y(crecimiento(adecuado(del(feto.(La(placenta(contribuye(al(crecimiento(fetal( aportando( nutrientes( y( oxígeno,( regulando( la( difusión( a( la( circulación(materna( de(productos( del(metabolismo( fetal( y( actuando( como(órgano( endocrino( capaz( de( sintetizar(hormonas( anabólicas( con( acciones( maternas( (lactógeno( placentario,( GH( placentaria)( y(fetales( (gonadotrofina( coriónica,( esteroides( placentarios).( ( Además,( la( placenta( también(permite(la(transferencia(materno2fetal(de(hormonas(tiroideas(y(sintetiza(muchos(factores(de( crecimiento,( entre( ellos( el( factor( de( crecimiento( epidérmico( (EGF),( los( factores( de(crecimiento( similares( a( la( insulina( (IGFs),( los( factores( transformadores( de( crecimiento2beta((TGF2beta),(el(factor(de(crecimiento(fibroblástico,(el(factor(de(crecimiento(endotelial(y(el( factor( de( crecimiento( derivado( de( las( plaquetas.31234( La( placenta( también( expresa( los(receptores( de( estos( factores,( sugiriendo( esto( que( su(mecanismo(de( acción( es( autocrino2paracrino.(Los(receptores(de(EGF(aumentan(durante( la(gestación.(En(placentas(de(recién(nacidos( con( RCIU( se( altera( la( expresión( de( estos( receptores.( Estos( datos( sugieren( la(importancia(que(tiene(este(factor(en(la(regulación(del(crecimiento(placentario(y(por(ende(en(el(crecimiento(fetal.35(
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2.(Se(producen(cambios(hormonales(de(marcado(carácter(anabolizante(para( retener(los( nutrientes( y( proveer( el( gasto( energético( necesario( para( el( crecimiento( de( la( unidad(fetoplacentaria( ( como( son:( aparición( en( su( sangre( de( nuevas( hormonas,( lactógeno(placentario(y(hormona(de(crecimiento(placentaria;(incremento(de(la(tasa(de(secreción(de(insulina(y(aumento(significativo(de(los(niveles(de(IGF21(y(su(proteína(de(transporte(IGFBP23.1,10(3.(El(tamaño(del(útero(aumenta(progresivamente(durante(el(embarazo,(especialmente(en( el( tercer( trimestre,( siendo( éste( un( factor( limitante( del( crecimiento( fetal,( como( se( ha(comprobado(en(los(embarazos(múltiples.(Otras(causas(que(pueden(limitar(el(crecimiento(fetal(son(el(consumo(de(cigarrillos(por(parte( de( la( madre( y( la( exposición( a( diversas( sustancias( tóxicas,( así( como( la( altura( en(determinadas(zonas(de(Latinoamérica.36238(Tienen(tanta(importancia(los(factores(maternos(que(su(disfunción,(además(de(alterar(el( crecimiento( intrauterino,( puede( cambiar( la( llamada( programación( genética( fetal,(produciendo( alteraciones( funcionales( en( el( feto( que( en( un( futuro( pueden( tener(repercusiones(sobre(la(expresión(de(patología(durante(la(infancia,(la(adolescencia(y(la(edad(adulta.(Así,(se(ha(señalado(la(asociación(del(RCIU(con(retraso(de(crecimiento(postnatal,(con(resistencia( a( la( insulina( en( la( infancia( y( adolescencia,( y( con( el( llamado( síndrome(metabólico(en(el(adulto((insulino2resistencia,(diabetes(mellitus(tipo(II(y(hipertensión).3(El(sobrepeso( fetal( se(ha( relacionado(con(hipoglucemia(neonatal,(obesidad39(y(desarrollo(de(poliquistosis(ovárica.28(
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También(se(detectan(en(sangre(ciertos(factores(de(crecimiento(como(son(el(IGF2I(y(el(IGF2II,(los(cuales(se(modifican(en(relación(con(el(tamaño(del(feto.((1.( Esteroides( gonadales.( Para( el( desarrollo( correcto( de( los( genitales( masculinos(externos( e( internos( es( fundamental( la( síntesis( de( testosterona( por( el( testículo( fetal.( El(efecto( de( la( testosterona( sobre( el( crecimiento( fetal( no( parece( que( sea( importante.( Sin(embargo,(parece(que(algunos(grupos(celulares(como(el(seno(urogenital,(conducto(de(Wolf,(músculo( y( ( cartílago( epifiseal( son( órganos( diana( para( la( acción( androgénica( durante( el(desarrollo( fetal.40( El( RCIU( se( ha( asociado( con( una( función( gonadal( reducida,( aunque( no(afecta(en(edades(posteriores(a( la(pubertad(en(hombres.(Los(estrógenos(intervienen(en(la(mineralización(ósea(y(los(niveles(altos(de(β(estradiol(en(el(tercer(trimestre(parecen(ser(un(factor(de(restricción(del(crecimiento(fetal.41,42(( 2.(Hormonas(tiroideas.(La(tiroxina((T4()(y(la(triiodotironina((T3)(son(esenciales(para(el( desarrollo( y( crecimiento( fetal( normal,( especialmente( para( la( maduración( del( SNC.( Su(deficiencia( durante( el( desarrollo( intrauterino( deteriora( el( crecimiento( del( feto( y(compromete( la(adaptación(a( la(vida(extrauterina.(Actúan(directamente(a( través(de(efectos(anabólicos( en( el( metabolismo( fetal( y( en( la( estimulación( del( consumo( fetal( de( oxígeno.(También( actúan( indirectamente( controlando( la( biodisponibilidad( y( efectividad( de( otras(hormonas( y( factores( de( crecimiento( que( influyen( en( el( desarrollo( fetal,( como( son( las(catecolaminas(y( las( IGFs.(La(concentración(de(estas(hormonas(está(diminuida(en( fetos(con(RCIU(y(PEG.43(El(feto(es(muy(vulnerable(al(déficit(severo(de(yodo(y(al(hipotiroidismo(durante(el( embarazo.( El( nivel( de( yodo( durante( la( gestación( puede( estar( relacionado( con( el(crecimiento(prenatal.44((
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sangre(de(cordón(de(recién(nacidos(a(término(con(bajo(peso(al(nacer(y(valores(elevados(en(recién(nacidos(con(sobrepeso.(En(estos(grupos(de(recién(nacidos(los(niveles(de(insulina(en(sangre(de(cordón(estaban(disminuidos(en(aquellos(con(RCIU(y(elevados(en(los(que(tenían(sobrepeso.( Los( valores( de( IGFBP( 1( siguieron( una( evolución( inversa.45,52254( Estos( datos(indican( la( estrecha( relación( existente( entre( aportes( de( nutrientes( al( feto,( expresión( de(IGFs,(de(IGFBPs,(insulinemia(y(crecimiento(fetal.(Además,(señala(a(la(nutrición(fetal(como(uno(de(los(agentes(más(importantes(en(la(regulación(del(crecimiento(fetal.((( 5.(Hormona(del(crecimiento((GH).(Su(función(en(la(regulación(del(crecimiento(fetal(está( en( discusión( debido( a( la( observación( realizada( en( estudios( clínicos( de( fetos(anencefálicos(los(cuales(no(presentan(RCIU.46(En(contra(de(lo(que(se(aceptaba(hasta(hace(unos(años,(hoy(se(ha(demostrado(que(durante(las(últimas(semanas(de(vida(intrauterina(va(asumiendo( parcialmente( las( funciones( que( tendrá( después( del( nacimiento.( Además( de(efectos( importantes( en( el( metabolismo( intermediario,( actúa( directamente( sobre( el(cartílago(del(crecimiento(facilitando(la(expresión(del(gen(de(IGF2I,(que(a(su(vez,(estimula(la(maduración(y(multiplicación(de( los(condrocitos(más(diferenciados(y( la(síntesis(por(estos(de(la(matriz(extracelular.55( (





7.( Grelina.( Algunos( estudios( han( documentado( concentraciones( altas( de( grelina( en(fetos( RCIU,( lo( que( afirma( que( la( grelina( juega( un( papel( importante( en( los( mecanismos(adaptativos(del(feto(en(condiciones(de(malnutrición(intrauterina.(Los(niveles(elevados(de(esta(hormona(pueden(servir(en(el(neonato(RCIU(para(estimular(el(apetito,(permitiendo(una(mayor(ingesta(de(nutrientes(después(del(parto(y(favoreciendo(así(el(catch"up(en(el(periodo(postnatal.58(
(8.( Otros( factores( de( crecimiento.( El( factor" de" crecimiento" epidérmico" (EGF)( ha( sido(implicado( en( ( la( diferenciación( de( las( estructuras( epiteliales( del( feto.( Estimula( la(maduración( pulmonar,( promueve( el( desarrollo( del( paladar( y( estimula( la( secreción( de(gonadotrofina(coriónica(y(lactógeno(placentario.59(La(familia(de(los(factores"de"crecimiento"transformadores"beta((TGF2beta)(constituyen(un(grupo(de(factores(de(crecimiento(expresado(en(todos(los(tejidos(embrionarios(y(fetales.(Se( ha( sugerido( que( estos( factores( junto( con( los( oncogenes( y( otros( genes( supresores(constituirían( un( sistema( de( información( utilizado( por( la( célula( para( regular( su(proliferación(y(diferenciación.(Influyen(en(el(desarrollo(de(gran(cantidad(de(tejidos(como(músculo,( cartílago,( hueso,( sistema( inmunitario,( ovario,( testículos,( intestino,( capilares(sanguíneos,(células(de(la(glía(y(neuronas.60(El( factor" de" crecimiento" fibroblástico( (FGF)( es( particularmente( importante( en( la(diferenciación(del(cartílago(y(del(hueso.(El( factor"de"crecimiento"de"los"queratinocitos"está"implicado(en(la(maduración(del(tejido(pulmonar.((Otros(factores"de"crecimiento(como(el(plaquetario,"el"estimulante"de"los"granulocitos,"el"




( 9.(Hormonas(sintetizadas(por(la(placenta.(La(placenta(es(un(órgano(endocrino(por(excelencia( con( funciones(que( regulan( la( fisiología( tanto( fetal( como(materna.( (Además( es(una( barrera( inmunitaria( eficaz,( al( permitir( el( desarrollo( fetal( dentro( del( ambiente(inmunitario(materno.46(
Lactógeno" placentario" humano" (LPh)( o( somatotropina" coriónica,( hormona( peptídica(que(comparte(una(homología(del(85%(con( la(hormona(de(crecimiento.(Su(síntesis(puede(ser(detectada(en(el(sincitiotrofoblasto(ya(entre(el(5º(y(10º(día(postimplantación(y(desde(la(sexta(semana(en(la(sangre(materna(siendo(su(concentración(aquí(100(veces(superior(que(en(la(sangre(fetal.(En(la(madre(mejora(la(tolerancia(a( la(glucosa,(aumenta(la(secreción(de(insulina( y( favorece( la( retención( de( nitrógeno.( Por( tanto,( es( una( hormona( con( efectos(anabólicos(en(la(madre(con(el(objetivo(final(de(aumentar(la(biodisponibilidad(de(la(glucosa(y(aminoácidos(en(la(circulación(placentaria(y(fetal,(por(lo(que(es(considerada(la(hormona(de(crecimiento(fetal.62(
La"hormona"de"crecimiento"placentario"o"hGHHV,(producto(del(gen(GH2V(placentario,"es(una( variante( de( la( hormona( del( crecimiento( de( la( que( difiere( en( 13( aminoácidos." Es(secretada(por(el(sincitiotrofoblasto,(y(se(encuentra(en( la(circulación(materna(desde( la(6ª(semana(de(gestación(e(influye(en(el(paso(de(nutrientes(a(través(de(la(placenta.(Actúa(por(mecanismos( autocrinos( y( paracrinos( regulados( a( través( del( IGF2I,( existiendo( una(correlación(positiva(entre(el(peso(al(nacer(y(el(valor(de(hGH2V(en(embarazos(de(mujeres(sanas.(46,63((Los(niveles(de(hGH2V(disminuyen(al(inicio(de(trabajo(del(parto,(desapareciendo(completamente(tras(éste.(No(se(han(detectado(niveles(circulantes(en(la(sangre(del(cordón(ni(en(la(circulación(fetal.1(










El( Retraso( del( Crecimiento( Intrauterino( (RCIU)( o( Crecimiento( Intrauterino(Retardado((CIR),(es(una(entidad(polémica(incluso(en(su(definición.(Estrictamente(tendría(que(definirse( como( la(disminución(de( la( velocidad(del( crecimiento(del( feto(observada(al(menos( en( dos( valoraciones,( y( por( tanto( sería( la( incapacidad( del( feto( para( alcanzar( su(potencial(genético(o(intrínseco(de(crecimiento.(64,65(
Clásicamente(se(define(como(RCIU/CIR(a(aquel(recién(nacido(cuyo(peso(está(situado(por( debajo( del( percentil( 10( para( su( edad( gestacional.( Otros( autores( han( sugerido( como(definitorio( del( CIR( el( percentil( 3( y/o( 5,( a( favor( de( una( definición( estricta( con( mayor(influencia(negativa(en(la(morbimortalidad(fetal(y(perinatal.(
El(National"Institute"of"Child"Health"and"Human"Development,"y(The"American"College"





para( la( edad( gestacional( (PEG)( o( Small" for" Gestational" Age( (SGA),( y( los( que( presentan(alteraciones(del(Doppler(y,(por(lo(tanto,(compromiso(isquémico((CIR(o(RCIU).67(
Según(la(etiología(se(han(calificado(los(fetos(PEG((peso(fetal(por(debajo(del(percentil(10)(en(varios(grupos:68(
• PEG( constitucional( (80285%).( Sin( alteraciones( estructurales,( líquido( amniótico(normal,(Doppler(de(la(arteria(umbilical,(y(velocidad(de(crecimiento(todos(normales.(
• PEG( anómalo( (5210%).( Con( anomalías( genéticas,( estructurales( o( secundarias( a(infección.(Corresponden(a(los(tradicionalmente(denominados(CIR(simétricos.(
• Crecimiento( intrauterino(restringido((CIR)((10215%).(Son(aquellos(que(presentan(una(función(placentaria(alterada,(identificada(por(Doppler(anómalo(de(la(arteria(umbilical(o(reducción(de(la(velocidad(de(crecimiento.(
Se( postula( que( la(morbimortalidad( neonatal,( así( como( en( la( infancia( y( edad( adulta,(asociada(a(los(recién(nacidos(de(bajo(peso(quedaría(restringida(a(los(fetos(que(presentan(alteraciones(en(el( estudio(Doppler(de( la( arteria(umbilical( y/o( circulación( fetal,( los(CIR(o(RCIU.(Es(en(este(escenario(en(el(que(el(estudio(hemodinámico(fetal(mediante(Doppler(se(ha(constituido(como(el(discriminante(de(los(fetos(con(riesgo(y(algunos(autores(lo(consideran(un( criterio( necesario( para( definir( el( CIR.( Las( afectaciones( severas( del( crecimiento,(inferiores(al(percentil(3(del(peso( fetal(estimado,(presentan(un(riesgo(per"se69(aumentado(por(lo(que(en(muchos(protocolos(se(clasifican(como(CIR(independientemente(del(resto(de(criterios.((Recientemente( la( Sociedad" Española" de" Ginecología" y" Obstetricia( (SEGO)( ha(modificado(su(definición(de(CIR(clasificándolo(en:70(





( ((((%E(PEF(por(ecografía(entre(el(percentil( 3( y( el( 10( para( edad( gestacional( y( sexo(asociado( a( una( o( más( de( las( siguientes( alteraciones( en( la( evaluación( hemodinámica(Doppler:(Índice(de(pulsatilidad(del(Doppler(de(la(arteria(umbilical(por(encima(del(percentil(95( para( la( edad( gestacional,( y/o( índice( de( pulsatilidad( medio( Doppler( Doppler( de( las(arterias(uterinas(por(encima(del(Percentil(95,(y/o(Doppler(de(la(arteria(cerebral,(y/o(índice(cerebroplacentario((ICP)(por(debajo(del(Percentil(5(para(la(edad(gestacional.((
PEG:(E(PEF(por(ecografía(entre(el(percentil(3(y(el(10(para(edad(gestacional(y(sexo,(con(evaluación(hemodinámica(Doppler(normal.(( Aunque(la( incidencia(esperada(de(RCIU,(según(la(definición(tradicional(de(peso(al(nacimiento( por( debajo( del( percentil( 10,( sería( de( un( 10%,( la( real( oscila( entre( un( 427%.(Aproximadamente(un(25%(de( los(niños(que(están(por(debajo(del(percentil(10( tienen(un(peso(normalizado(al(nacimiento(cuando(se(corrigen(para(talla(y(peso(materno(al(inicio(del(embarazo,(etnia,(sexo(fetal,(fenotipo(paterno(y(residencia(en(altitudes(elevadas.71((Por(ello(se( recomienda( el( uso( de( gráficas( personalizadas( de( crecimiento( antenatal( que( permiten(una( mejor( identificación( de( fetos( con( restricción( del( crecimiento( en( riesgo( de( efectos(perinatales(adversos.72%Para(la(población(española,(se(dispone(en(la(actualidad(de(la(tabla(de( referencia( creada(por(Figueras(et"al,73( según(un( estudio( retrospectivo(de( localización(hospitalaria(en(gestaciones(únicas( libres(de(patología.(El(peso(al(nacer( fue(modelado(por(regresión(múltiple( según( las( características(maternas( (étnia,( la( talla,( peso,( tabaquismo(y(paridad),( y( fetales( (género,( edad( gestacional).( Además( de( la( edad( gestacional,( y( el( sexo(fetal,( las( características( antropométricas(maternas,( el( tabaco( y( la( etnia,( tuvieron( efectos(significativos(e(independientes(sobre(el(peso(al(nacer.((
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multitud( de( etiologías.( Su( detección( exige( un( seguimiento( longitudinal( mediante(ultrasonidos,( que( permita( ver( la( desviación( de( ese( crecimiento( durante( las( fases( del(embarazo.82((En(el(diagnóstico(prenatal(es(importante(diferenciar(aquellos(fetos(con(RCIU(secundario( a( un( ambiente( intrauterino( desfavorable,( de( aquellos( BPEG( sin( repercusión(obstétrica(para(así(evitar(iatrogenia(debida(a(una(interpretación(errónea(de(una(situación(fisiológica.67(Las( limitaciones( en( el( diagnóstico( del( CIR( son( importantes.( Se( han( postulado(múltiples(métodos(de(cribado(gestacional,(todos(ellos(con(baja(sensibilidad(intrínseca.(La%





La(monitorización(ecográfica(del(crecimiento(fetal(permite(un(diagnóstico(evolutivo(del( CIR,( debiendo( complementarse( con( otras( mediciones( dinámicas,( como( los( flujos(Doppler(umbilicales(y(fetales.(Las(alteraciones(en(las(ondas(de(velocidad(de(flujo((OVF)(en(estos( territorios( vasculares( muestran( una( buena( correlación( con( las( distintas( fases( de(adaptación(a(la(disminución(de(aporte,(a(la(hipoxia(o(a(la(presencia(de(acidosis(fetal.90(El( Doppler% en% la% arteria% umbilical( (AU)( ha( sido( la( prueba( de( elección( en( el(seguimiento(de( los(CIR(durante(casi(20(años.(Numerosos(estudios(realizados(durante( los(años(80(y(90(demuestran(que(su(monitorización(en(poblaciones(de(alto(riesgo(se(asocia(a(una(tendencia(a(mejorar( la(mortalidad(perinatal,(menor(número(de(inducciones(y(menor(tasa( de( ingreso( hospitalario.( Está( aceptado( su( valor( predictivo( en( fetos( con( CIR( y( peor(resultado(perinatal.91(En(caso(de(insuficiencia(placentaria,(el(flujo(diastólico(de(la(AU(está(disminuido((para(ello(estarían(afectadas(un(30%(de(vellosidades(terciarias).(Se(estima(que(hace( falta(un(60270%(de( vellosidades( terciarias(dañadas(para(que( el( flujo( sea( ausente(o(reverso.92(Si(bien(la(AU(identifica(la(enfermedad(placentaria(severa,(no(identifica(los(casos(de(enfermedad(placentaria(leve,(que(constituyen(una(proporción(significativa(de(los(casos(CIR(de(inicio(temprano(y(prácticamente(todos(los(casos(CIR(de(inicio(tardío.93((Por(tanto,((el(Doppler(de(la(AU(no(se(puede(usar(como(criterio(independiente(para(diferenciar(el(CIR(del(PEG.(Una(vez(objetivado(un(flujo(anómalo(en( la(AU,(se(deben(realizar(otros% estudios%de%
Doppler% fetal.( El( feto( se( adapta( a( la( hipoxemia( redistribuyendo( el( flujo( sanguíneo( a(cerebro,(corazón(y(suprarrenales.(Esto(se(manifiesta(con(una:(
• Menor(resistencia(de(la(arteria(cerebral(media((ACM),((centralización(del(flujo).(
• Reducción(del(flujo(en(el(ductus(venoso((DV)(y(vena(cava(inferior.(









Recientemente,( el% índice% cerebroEplacentario( (ICP)( se( presenta( como( una(herramienta(útil(y(como(el(mejor(candidato(individual(para(valorar(el(bienestar(fetal(en(RN(PEG.( Relacionándose( una( ratio( anormal( con( eventos( perinatales( adversos( y( con( mal(pronóstico(neurológico(postnatal.97(Es(probable(que(en(un( futuro( los(biomarcadores% de% insuficiencia% placentaria% en%
sangre% materna( (factores( anti2angiogénicos( (sFIt1)( aumentados( y( factores( pro2angiogénicos,(como(el(factor(de(crecimiento(placentario,(disminuidos)(se(incorporen(como(criterio( diagnóstico( de( CIR.( Se( sugiere( que( los( factores( angiogénicos( predicen( un( mal(resultado(perinatal(en(los(fetos(pequeños,(con(valores(predictivos(similares(a(los((del(ICP(y(las(arterias(uterinas,(pero(sin(un(valor(aditivo.98(Se(necesitan(más(estudios(que(confirmen(estos(resultados.((
2.4%%%%%Mortalidad%y%Morbilidad.%Tras( la( prematuridad,( el( RCIU( es( la( segunda( causa( de( mortalidad( y( morbilidad(perinatal.64(
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2.4.2%%%Morbilidad%a%corto%plazo.%Clásicamente(se(ha(considerado(que( los(RN(con(RCIU(tienen(mayor(riesgo(de(asfixia(perinatal,( aspiración( de( meconio,( hipertensión( pulmonar( persistente,( hemorragia(pulmonar,(hipoglucemia,(hipocalcemia,(hipotermia,(policitemia,(disfunción(hepatocelular,(coagulopatía,(trombocitopenia(y(sepsis.65,103(Entre(un(30(y(50%(de(los(RN(extremadamente(prematuros( son( pequeños( para( la( edad( gestacional( (PEG).( Estos( tienen( un( riesgo(significativamente(mayor(de(RCIU(y(del(desarrollo(postnatal,(y(de(morbilidades(agudas(y(crónicas,( incluyendo( disturbios( metabólicos( y( hematológicos,( síndrome( de( distrés(respiratorio( (SDR),( displasia( broncopulmonar( (DBP),( retinopatía( de( la( prematuridad((ROP)(y(enterocolitis(necrotizante((ECN).65,1032106(En(un(estudio(reciente,(Liu(et"al107(no(ven(diferencias( significativas( entre( RN( con( RCIU( y( de( peso( adecuado( en( la( incidencia( de(aspiración( de(meconio,( ECN,( SDR( y( sepsis,( aunque( sí( en( la( incidencia( de( daño( cerebral,(incluyendo( hipoxia2isquemia,( encefalopatía,( hemorragia( intracraneal,( leucomalacia(periventricular( (LMPV),( coagulación( intravascular( diseminada( (CID)( e(hiperbilirrubinemia.(Por(otra(parte,(Tsai(L2Y(et"al102(refieren(mayor(riesgo(de(DBP(y(ROP(entre(prematuros(PEG(en(comparación(con(los(de(peso(adecuado,(sin(encontrar(diferencias(estadísticamente(significativas(en(el(riesgo(de(SDR,(ECN(o(LMPV(entre(grupos.(Igualmente,(Regev(et"al101((apuntan(un(aumento(de(riesgo(de(DBP,(ROP(y(SDR(en(prematuros(PEG(frente(a(RN(de(peso(adecuado.(
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2.4.3.1%%Crecimiento%y%RCIU.%El(85295%(de(los(RN(con(restricción(del(crecimiento(prenatal(recuperan(el(peso(y( la(talla(en(los(dos(primeros(años(de(vida.(Tras(un(periodo(de(restricción(del(crecimiento(por(desnutrición( intraútero,( cuando( el( ambiente( nutricional( mejora( aparece( una( fase( de(crecimiento( espontáneo( de( recuperación( o( catch" up," con( una( velocidad( de( crecimiento(superior(a(la(media,(que(se(mantienes(hasta(que(el(individuo(normaliza(su(situación.108(La(recuperación(rápida(potnatal(de(peso(y(talla(puede(determinar(un(déficit(de( la(captación(de( glucosa( en( el(músculo( esquelético,( siendo( almacenada( como(masa( grasa( en( el( tejido(adiposo.(Numerosas(evidencias(indican(que(la(ganancia(postnatal(rápida(de(peso(en(niños(que( sufrieron(RCIU(no( se( traduce( en(un( aumento(del( crecimiento( óseo( y(muscular,( sino(más(bien(en(una(mayor(adiposidad(visceral(y( central1092111(y(en(niveles(más(elevados(de(insulina(en(la(adolescencia(y(resistencia(insulínica.112,111(Aunque(más(del(80%(de(ellos(presentan(catch"up"del(crecimiento(en(el(primer(año(de(la(vida,(aproximadamente(un(10%(permanecerán(por(debajo(de(22DS(para(la(talla(durante(la( infancia,(adolescencia(e( incluso(su(vida(adulta.113,114(Entre( los(niños(que(no(alcanzan(el(
catch"up( a( los(2(años,( el( riesgo( relativo(de(estatura(baja( (<22DS)(a( los(18(años(es(de(5.2(para(los(de(bajo(peso(al(nacimiento(y(7.1(para(los(de(baja(talla.115((Por(tanto,(el(catch"up(de(crecimiento(parece(ser(una(influencia(importante(en(la(talla(final(de(los(individuos(nacidos(PEG.((En( los( CIR( prematuros,( el( crecimiento( recuperador( puede( retrasarse.( Los( PEG(muy(prematuros(o( con(mayor( restricción(del( crecimiento,( especialmente( con(baja( longitud( al(nacimiento,(tienen(menos(posibilidades(de(alcanzar(una(talla(normal.116(
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severamente(afectados(los(neonatos(RCIU(prematuros(y(los(que(presentan(redistribución(de(la(circulación(fetal.117(Nacer( PEG( es( una( condición( que( en( sí(misma( puede( tener( influencia( negativa( en( el(desarrollo(neurocognitivo.118(Estos(recién(nacidos(presentan(un(menor(volumen(cerebral(que(podría(estar(relacionado(con(el(deterioro(cognitivo.119(El(compromiso(del(crecimiento(cerebral(afecta(fundamentalmente(al(área(del(hipocampo,(íntimamente(relacionado(con(la(memoria,(y(también(a(la(densidad(neuronal,(espesor(y(mielinización.(120(Estos( problemas( son( objetivables( ya( desde( la( primera( infancia,( pues( son( niños( que(presentan( perímetro( cefálico( en( límites( inferiores( de( la( normalidad( y( que( caminan( o(hablan(algo(más(tarde(que(la(población(general.121(El(seguimiento(hasta(la(edad(adulta(de(los(niños(con(RCIU(muestra(mayor(incidencia(de(déficit(en(la(memoria(a(corto(plazo,(falta(de(atención(e(hiperactividad,1222124(problemas(emocionales(y(del(comportamiento,125(depresión(y(desórdenes(sociales.126(Bardin(et"al,127(encuentran(mayor(incidencia(de(déficits(visuales(paralela(a(la(mayor(incidencia(de(ROP(en(prematuros( con( RCIU.( Sin( embargo,( encuentran( una( incidencia( mayor( de( déficits( en( el(neurodesarrollo( en( prematuros( PEG( comparados( con( prematuros( de( peso( adecuado,( a(pesar( de( una( incidencia( similar( durante( el( periodo( neonatal( de( HIV( y( LMPV( en( ambos(grupos.( En( cuanto( a( la( incidencia( de( parálisis( cerebral( relacionado( con( el( CIR( en(prematuros(existen(informes(conflictivos(en(la(literatura,(siendo(la(asociación(con(parálisis(cerebral(mayor(en(los(nacidos(a(término.1282130(
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Tanto(la(insuficiencia(placentaria(como(la(malnutrición(materna(alteran(el(desarrollo(renal(in"utero(y(se(han(asociado(con(alteración(en(el(sistema(renina2angiotensina((SRA),(lo(que( podría( explicar( la( patogenia( de( disfunción( renal( en( pacientes( afectos( de( RCIU.( Hay(diferencias( sexo2específicas( en( la( expresión( del( SRA( inducida( por( la( insuficiencia( útero2placentaria( con( una( expresión( alterada( del( receptor( de( Angiotensina( tipo( I( en( varones,(pero( no( en( mujeres,( siendo( los( varones( con( RCIU( los( que( desarrollan( HTA(principalmente.151(
%
%
3.%%%%“EÓmicas”%en%el%Retraso%del%Crecimiento%intrauterino.%La( denominada( “hipótesis( de( Barker”( se( basa( en( los( resultados( de( estudios(observacionales( a( largo(plazo(que(demuestran(que( la( adaptación(del( feto( a( su( ambiente(intrauterino( y( estímulos( estresantes( postnatales( pueden( provocar( una( alteración( en( la(programación(de( los(diferentes(órganos(y(sistemas(dependiendo(del( tipo(y(del(momento(del(insulto.(El(mecanismo(molecular(exacto(subyacente(al(concepto(de(programación(fetal(y/o( de( impronta( nutricional( se( entiende( poco( y( podría( beneficiarse( de( un( enfoque(genómico(funcional,(abarcando(investigaciones(en(epigenética(integrada,(transcriptómica,(metabolómica(y(proteómica,(tanto(en(animales(como(en(humanos.152(
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3.1%%Epigenética%y%programación%in!útero.(El( término( “epigenética”,( concebido( por( Waddington153( combinando( las( palabras(









programación( fetal( implica( respuesta( a( señales( ambientales( y( nutricionales( durante( el(desarrollo(y(etapas(tempranas(de(la(vida,(y(sus(efectos(desfavorables(en(la(edad(adulta.(Los(efectos(adversos(a(largo(plazo(reflejan(desigualdad(entre(las(condiciones(del(entorno(en(la(etapa( fetal( y( neonatal,( y( las( condiciones( a( las( que( se( enfrenta( el( individuo( en( etapas(posteriores(de( la(vida.(Estudios(experimentales(en(roedores(y(humanos(sugieren(que( los(cambios(epigenéticos,(en(genes(reguladores(y( los(relacionados(con(el(crecimiento,( tienen(un(papel(importante(en(la(programación(fetal.160(Así,( epigenética( y( epigenómica( van( a( jugar( un( papel( clave( en( la( investigación( de( la(conexión(entre(RCIU(y(la(enfermedad(metabólica(en(el(adulto.152(
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compuestos( contenidos( en( las( muestras,( y,( 2)( un( análisis( multivariante( de( los( datos(obtenidos.167(La( aplicación( de( la( metabolómica( en( el( descubrimiento( de( biomarcadores( en( el(periodo( perinatal( se( ha( realizado( en( recién( nacidos( con( RCIU.( Numerosos( estudios( han(descrito( alteraciones( específicas( en( la( expresión( y( la( actividad( de( transportadores(placentarios(que(median(la(transferencia(de(aminoácidos,( iones(y( lípidos(para(explicar( la(patogénesis(del(RCIU.168,169(El(análisis(del(suero(obtenido(de(sangre(de(cordón(umbilical(de(RN(RCIU(y(RN(de(peso(adecuado,(ha(objetivado(cambios(evidentes(en(el(perfil(metabólico(sérico( específicamente( en( las( concentraciones( de( fenilalanina,( triptófano( y( glutamato.170(Estudios( metabonómicos,( mediante( RM( de( protones( en( plasma( y( orina,( muestran(concentraciones(diferentes(de(algunos(metabolitos(como(mio2inositol,(sarcosina,(creatina(y( creatinina( en( RN( con( RCIU( comparados( con( RN( control.171,172( Asimismo,( un( estudio(metabolómico(en(modelos(animales(con(RCIU(ha(mostrado(disregulación(a(largo(plazo(en(la(conducta(alimenticia(y(en(el(metabolismo(de(los(ácidos(grasos(en(ratas(con(RCIU.173,174(En(conclusión,(la(metabolómica(se(muestra(como(una(herramienta(útil(para(caracterizar(al(grupo(de(pacientes(con(RCIU.(
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La%Proteómica%complementa(la(visión(genómica(con(el(entendimiento(de(la(dinámica(del( genoma:( el% proteoma% o( conjunto( de( proteínas( expresadas( en( un( organismo( en( un(determinado( momento( bajo( unas( condiciones( específicas.176,177( La( Genómica( analiza( el(potencial(de(expresión(génica(y(proteica(de(un(organismo,(determinado(por( su(Genoma,(pero(es(la(Proteómica(la(que(especifica(qué(proteínas(se(expresan(en(los(distintos(tipos(de(células( de( ese( organismo,( y( en( las( distintas( situaciones( fisiológicas( en( las( que( se(encuentran( esas( células,( cuál( es( el( nivel( de( expresión( de( esas( proteínas( y( qué(modificaciones(postraduccionales(afectan(a(su(estructura(y(función.(Es(muy(representativo(de(esta(diferencia(y(de(la(importancia(de(las(modificaciones(postraduccionales,(entre(otras,(que(el(número(de(genes(que(existen(en(el(Genoma(humano,(alrededor(de(26.000,(podría(originar(más(de(1.000.000(de(proteínas(diferentes.178(El(término(proteoma(se(utilizó(por(primera(vez(en(1996179(para(describir(el(conjunto(de(proteínas(que(se(expresan(a(partir(de(un(genoma.(Mientras(el(genoma(de(un(organismo(no( varía( en( todas( sus( células,( el( proteoma( es( un( elemento( muy( dinámico,( cuyos(componentes( varían( en( un( organismo,( tejido,( célula( o( compartimento( celular,( debido( a(cambios(en(su(entorno,(en(respuesta(a(estímulos(externos(e(internos,(situaciones(de(estrés(o(de(enfermedad.(Esto(aumenta(mucho( la(complejidad(del(proteoma,(como(consecuencia(de(la(activación(o(supresión(de(genes,(la(alteración(en(la(intrincada(pauta(de(interacciones(intracelulares( entre( las( proteínas( o( los( cambios( en( sus( modificaciones(postraduccionales.180(De( forma( general( la( Proteómica( se( puede( dividir( en( Proteómica" de" Expresión" y"




Se(han(desarrollado(muchas(tecnologías(para(recoger(la(información(contenida(en(las(proteínas,( aunque( no( hay( actualmente( una( que( satisfaga( todas( las( necesidades(proteómicas.182(En(general(se(distinguen(dos(aproximaciones(experimentales(en(el(estudio(de(un(proteoma,(que(se(diferencian(en(la(obtención(de(péptidos:(1)(La(estrategia(convencional,(en( la(cual,( inicialmente(se(separan( las(proteínas(de( la(muestra((normalmente(por(electroforesis(bidimensional)(y(luego(se(digieren(por(métodos(ezimáticos((por(ejemplo(con(tripsina).(2)( La( “shotgun( proteomics”,( en( la( que( primero( se( digiere( la(muestra( sin( separar,( y(luego(los(péptidos(obtenidos(de(la(digestión(se(separan(por(cromatografía(en(fase(líquida((HPLC),(normalmente(usando(sistemas(de(separación(en(tándem(y(conectadas(onHline"a(un(sistema(de(espectrometría(de(masas.((Una(vez(obtenidos(los(péptidos,(su(análisis(se(realiza(por(espectrometría(de(masas(y,(con(la(ayuda(de(herramientas(bioinformáticas,(se(identifican(y(caracterizan(las(proteínas(a(las(que(pertenecen.(Ambas(aproximaciones(tienen(ventajas(e(inconvenientes(y(la(elección(de(una(u(otra(dependerá(del(problema(a(resolver.183,184(
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4.1%%Métodos%de%separación%de%proteínas.%Entre( las( técnicas( de( separación(más( utilizadas( está( la( electroforesis( bidimensional((22DE)(y(la(cromatografía(en(todas(sus(variantes.(
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hace(que(las(técnicas(basadas(en(la(separación(cromatográfica(acoplada(a(espectrometría(de(masas(en(tándem,(como(la(tecnología(multidimensional(de( identificación(de(proteínas((MudPIT)( permita( la( separación( e( identificación( de( cientos( de( proteínas( en( un( sólo(experimento.190,191( El( mayor( defecto( de( esta( técnica( es( la( carencia( de( información(cuantitativa,(aunque(el(desarrollo(de( técnicas(de(marcaje( isotópico(de(proteínas,192(como(ICAT( (“Isotope2coded( affinity( tag”)( e( iTRAQ( (“Isotope( tags( for( relative( and( absolute(quantitation”),193( están( compensando( esta( desventaja.( Actualmente( el( iTRAQ( se( ha(convertido( en( una( herramienta( validada( para( la( cuantificación( de( mezclas( complejas(proteicas(de(amplio(rango(de(expresión(diferencial,(como(una(aproximación(óptima.194(
%




con( SDS,( urea,( glicerol( y( iodoacetamida,( se( disponen( en( un( gel( en( presencia( de( SDS(consiguiendo(una(gran(reproductibilidad.196(Actualmente,(el(uso(de(IPGs(con(pH(estrechos(aumenta(la(resolución(de(la(técnica,(al(igual(que(el(prefraccionamiento(y(enriquecimiento(de(la(muestra(inicial(aumenta(la(visualización(de(proteínas(de(muy(baja(concentración.197(Una( vez( se( ha( realizado( la( segunda( dimensión( hay( que( teñir( los( geles( para( poder(visualizar( las( proteínas.( Hay( numerosos( métodos( de( tinción( de( proteínas( en( geles( de(poliacrilamida( pero( sólo( unos( pocos( se( han( impuesto( en( 22DE.( Entre( los( más( usados(destacan( la( tinción(de(Comassie( y( la( de(plata.( Esta( última(ha( sido( la(más(usada(durante(muchos(años(por(su(alta(sensibilidad,(capaz(de(revelar(cantidades(de(proteína(por(mancha(de( hasta( menos( de( 1ng.198( Sin( embargo,( no( es( un( método( cuantitativo( pues( su( rango(dinámico(es(muy(bajo(y(no(es(una(tinción(a(punto(final((si(se(alarga(el(tiempo(de(revelado(acaba(oscureciéndose(toda(la(imagen).(Por(ello,(este(método(de(tinción(ha(sido(sustituido(por( los( métodos( de( tinción( fluorescentes( como( el( rutenio( II( y( el( Sypro( Ruby( con( una(sensibilidad( comparable( a( la( de( la( plata( y( un( rango(dinámico( lineal( (de( tres( órdenes( de(magnitud),(óptimos(para(estudios(cuantitativos,(aunque(mucho(más(caros.1992202(Las( imágenes(obtenidas( tras( la( tinción(muestran(el(conjunto(de(proteínas(separadas(como(manchas(distribuidas(en(un(espacio(bidimensional,(el(gel.(Estas(imágenes(suelen(ser(muy( complejas( por( lo( que( deben( estudiarse(mediante( programas( de( análisis( de( imagen(que( permiten( identificar( qué( manchas( muestran( intensidades( diferentes( en( los( geles(control( y( problema( y( que( podrían( ser,( por( tanto,( potenciales( marcadores( del( proceso(estudiado.( Una( variante( de( esta( técnica( es( el( método( DIGE( (differential" in" gel"





separar( hasta( 3( tipos( diferentes( de( muestras( (dos( problema( y( una( control,( mezcla( de(ambas,(que(se(usa(de(control( interno)(en(un(mismo(gel,( lo(que(elimina(la(variación(entre(geles( y( asegura( que( los( efectos( de( sobreexpresión/represión( visualizados( en( el( gel( se(deban( sólo( a( cambios( biológicos.( Con( esta( técnica( cada( mancha( de( cada( proteína( es(comparada(fácilmente(y(de(forma(cuantitativa.(La(comparación(final(de(imágenes(de(los(geles(obtenidos(se(lleva(a(cabo(con(software(especializados( como( PDQuest( y( Proteomweaver( (ambos( de( Bio2Rad( Laboratories),(DeCyder((GEHealthcare),(o(Melanie((Geneva(Bioinformatics).((
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La( combinación( de( las( diferentes( fuentes( de( ionización( y( analizadores( de(masas( ha(dado( lugar( a( varios( tipos( de( instrumentos( con( distinta( sensibilidad,( precisión( y(aplicaciones.(Aunque(hay(varios(métodos(de(ionización,(los(de(ionización(suave,207,208(como(desorpción(mediante( láser( asistido( por(matriz( (MALDI)( y( por( electrospay( (ESI)( son( los(más(usados(en(proteómica.(También(se(usan(diferentes(analizadores(de(masas(clasificados(en( tres( grupos:( 1)( separación( por( campos( electromagnéticos( oscilatorios( generados( por(“cuadrupolos”( (“quadrupoles”,"Q),( 2)( separación( por( “tiempo( de( vuelo”( (“time" of" flight”"TOF)(y(3)( separación(por( expulsión( selectiva(de( iones(de(un(espacio( tridimensional(que(actúa( como( “trampa( iónica”( (“ion"trap”,"IT).206,210,211(Los(diferentes( equipos( se( identifican(con(una(nomenclatura(basada(en(los(acrónimos(de(sus(componentes((ej.(MALDI2TOF,(ESI2IT,( etc).( Para( el( análisis( de( secuencia,( se( pueden( usar( dos( analizadores( de( masas( en(tándem,(bien(en(el(tiempo,(como(las(trampas(iónicas,(o(el(espacio(como(el(TOF2TOF.212(Para(identificar(las(proteínas(por(espectrometría(de(masas((MS)(se(han(desarrollado(dos(estrategias(complementarias:(1.2Identificación( por( huella( peptídica( (PMF:( Peptide" mass" fingerprinting)( o( mapeo(peptídico( tipo(MALDI2TOF,(muy( útil( para( identificar( proteínas( de( especies( con( genomas(pequeños( y/o( secuenciados( totalmente.176( La( huella( peptídica( de( una( proteína( es( un(conjunto(de(péptidos(generados(tras(su(digestión(enzimática,(que(puede(servir(para(lanzar(búsquedas(en(las(bases(de(datos.(Éstas(detectan(homologías(entre(los(péptidos(generados(
protein biomarkers may provide a solution to continuing
unmet clinical challenges in neonatology.
Defining Proteomics for the Discovery of
Biomarkers
The terms proteomics and biomarker tend to be com-
monly used in tandem. In simple terms, a biomarker can
be defined as a molecular indicator of a specific biologic
property, biochemical feature, or facet that can be used
to measure the progress of a disease or the effects of
disease treatment. Proteomics can be operationally de-
fined as a field of study that is focused on the identi-
fication of proteins, peptides, or their interactions and
posttranslational modifications. Clinical proteomics is
currently conducted to detect or select biomarkers of
disease. Common examples include prostate-specific
antigen (PSA) for monitoring prostate disease and gly-
cosylated hemoglobin for monitoring diabetic glycemic
control. Investigational proteomics is much broader in
scope and uses diverse detection platforms in an effort to
identify differences in protein expression or posttransla-
tional changes in protein structure (eg, phosphorylation,
acetylation) across a broad array of analytes.
Investigational proteomics can be used to interrogate
targeted proteins and their modifications or to index the
entire proteome of a cell, system, or organism. Mass
spectrometry (MS) is the central analytic technique used
for most investigational proteomics (Fig. 1). In brief,
MS involves the use of an ionizing source of energy to
excite the molecular constituents of a peptide, producing
ions of varying size (mass) and charge. The product ions
are separated according to their mass-to-charge (m/z)
ratio in an electromagnetic field. A detector processes the
ion signals into mass spectra using quantitative methods
that can calculate the abundance of each ion present.
Taken together, current MS instruments consist of three
modules: an ion source, a mass analyzer, and a detector.
An example of a current advancement is the ability to vary
the source of ionization (eg, electrospray ionizer) or
method for ion mass analysis (eg, orbitrap). (3)
Various options in specific MS technique must take
into account the specific needs of the analysis, with such
variables including mass accuracy, resolving power, sen-
sitivity, dynamic range, throughput, and quantification
as well as the detection of protein modifications. The
output of mostMS interrogations can be both qualitative
and quantitative. In addition, MS can be used simply to
determine the molecular mass of a protein or to deter-
mine specific structural features such as amino acid se-
quence or posttranslational modifications. In the latter,
complex multistage instruments and analyses are used
and commonly referred to as tandem MS (MS/MS). In
MS/MS experiments, after the initial mass of target or
precursor ions is determined, specific ions are targeted
for further fragmentation to produce product ions
(Fig. 1). MS and quantitative techniques are currently
used for clinical metabolomics to detect inborn errors of
metabolism. Liquid or gas chromatography (LC or GC)
is an analytic chemistry technique that is commonly used
with MS to facilitate the physical separation of analytes
(proteins and metabolites) inline and before MS-based
ionization. Together, the combined resolving power of
LC-MS for the detection of specific chemicals (eg, pro-
teins or metabolites) in complex mixtures renders this
platform ideally suited for the discovery of biomarkers.
If the objective of a proteomic analysis is to discover
a biomarker or a biomarker panel and reduce the bio-
marker(s) to clinical utility, three distinct steps must be
undertaken (Fig. 2). During bio-
marker discovery, the proteome is
compared between two distinct dis-
eases or stages of disease (class labels
of disease). A candidate list of differ-
entially expressed features is derived
from an index of proteins or peptide
m/z ratios, compiled using sophisti-
cated bioinformatics techniques to
distill the massive datasets that may
distinguish the two diseases. The
analysis either can be supervised,
whereby disease class labels are ap-
plied before indexing and model
building, or unsupervised, whereby
class labels are revealed after patterns
of distinguishing features have been
Figure 1. Schematic of the principles of mass spectrometry (MS). Three basic modules for
the interrogation of a sample containing analytes (eg, proteins) of interest are shown.
1. Source of ionizing radiation (eg, electrospray [ESI] or matrix-assisted laser desorption/
ionization [MALDI]). 2. Mass analyzers that resolve ions based on their overall mass-to-
charge (m/z) ratios. 3. A detector that processes ions signals to mass spectra.
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Spectra).220(A( pesar( de( ser(muy(novedosa,( se( han(publicado( trabajos( que( la( han(usado( y(demostrado(su(precisión(en(la(cuantificación(masiva(de(las(proteínas(de(un(proteoma.221(
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En( los(últimos(años,( la(evolución(de(metodologías(como(SELDI226(o( la(cromatografía(multidimensional227( ha( aportado( prometedoras( opciones( para( el( análisis( de( los( fluidos(biológicos.( También( se( han( descrito( nuevos( métodos( para( eliminar( las( proteínas(mayoritarias,( que( facilitan( el( análisis( del( plasma( por( 22DE.228( Esto( aporta( nuevas(perspectivas( al( análisis( proteómico( del( plasma( como( herramienta( para( la( búsqueda( de(nuevos( biomarcadores( que( sean( de( utilidad,( tanto( diagnóstica,( como( para( facilitar( el(conocimiento(de(diversas(patologías.((
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término(de(peso(adecuado.(Este(estudio(encontró(16(proteínas(con(expresión(diferencial(y(mostró( importantes( modificaciones( postraduccionales,( como( disminución( de( la(glicosilación(y(sialiación(de(fetuína–A,(que(se(ha(relacionado(con(déficit(en(el(crecimiento(fetal,( especialmente( en( la( osteogénesis.( Luego,( Cecconi249( comparó( el( suero( de( cordón(umbilical(y(el( líquido(amniótico,(de(diez(RN(a(término(con(RCIU(y(diez(RN(a(término(con(normopeso.( Concluyeron( que( el( RCIU( altera( la( expresión( de( proteínas( implicadas( en( la(coagulación,(respuesta(inmune,(presión(sanguínea(y(homeostasis(del(cobre(y(del(hierro.(Un(estudio(publicado(recientemente(ha(aprovechado(la(técnica(iTRAQ(para(analizar(el(plasma(de( mujeres( gestantes( cercanas( al( término( descubriendo( una( lista( de( biomarcadores(potenciales( de( RCIU( y( preeclampsia,( una( condición( a( menudo( relacionada( con( la(restricción(del(crecimiento(fetal.250(Por( último,(Wölter( et"al.251( han( estudiado(muestras( séricas( del( cordón( umbilical( de(quince(RN(con(RCIU,(once(de(ellos(prematuros,(y(quince(con(peso(adecuado,(doce(de(ellos(prematuros.( Una( vez( fraccionadas( las( muestras( por( cromatografía( de( interacción(hidrofóbica,( fueron( analizadas( por( MS,( para( detectar( proteínas( relacionadas( con( la(arterioesclerosis.( Estos( autores( encuentran( niveles( significativamente( elevados( de(triglicéridos(en(los(RN(con(RCIU(respecto(a(los(controles(y(diversas(proteínas(aterogénicas.(De( éstas,( la( apolipoproteína( C2III0( fue( las( más( significativamente( diferenciada,(proponiéndola( como( potencial(marcador( clave( de( esta( entidad.(En( un( estudio( posterior,((estos( autores( confirman(que( la( firma(del( perfil( proteómico( es( adecuada( o( confirmatoria(para(la(vigilancia(clínica(y(puede(identificar(RN(con(RCIU(postnatalmente(en(niños(de(bajo(peso( con( edad( gestacional( incierta( o( cuando( se( desconocen( los( datos( de( las( ecografías(prenatales.252

























La( morbilidad( asociada( al( retraso( del( crecimiento( intrauterino( (RCIU),( tanto( en( el(periodo(neonatal,( como(en( la( infancia( y( de( forma(muy( importante( en( la( edad( adulta,( ha(hecho( que( la( búsqueda( de( signos( precoces( de( alarma( sea( una( prioridad( para( los(neonatólogos.( Con( este( fin( se( están( combinando( enfoques( convencionales( con( nuevas(metodologías,(incluyendo(aquellas(derivadas(de(las(tecnologías(–ómicas.(
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HIPÓTESIS%OPERATIVA%













Este(estudio(ha(pretendido(separar,( cuantificar,( identificar(y( comparar( las(proteínas(séricas(de(muestras(obtenidas(de(sangre(venosa(en(RN(con(RCIU(y(RN(AEG,(estratificados(por(grupos,(en( función(de(su(edad(gestacional,(usando( técnicas(22DE(para( identificar(vía(Maldi2TOF/TOF(cambios(de(expresión(en(las(proteínas.((
(
OBJETIVOS%ESPECÍFICOS%
1.2(Mejorar(el(conocimiento(de(la(fisiopatología(del(RCIU.((2.2( Identificar( gracias( a( la( expresión( diferencial( del( proteoma( sérico( de( estos( RN,(potenciales( biomarcadores( de( complicaciones( postnatales( asociadas( al( RCIU( tales( como(HTA,(diabetes(y(obesidad.((3.2(Iniciar(una(novedosa(línea(de(investigación(en(Neonatología(con(las(herramientas(proteómicas(actuales,(que(permitan(mejorar(la(asistencia(del(RN((((


































 53  
1.%%%%Grupos%de%experimentación.%
1.1. Sujetos%y%aspectos%éticos.%El( presente( estudio( se( realizó( en( recién( nacidos( (RN)( afectos( o( no( de( retraso( de(crecimiento( intrauterino,( de( ambos( sexos,( ingresados( en( el( ( Hospital( Universitario( Reina(Sofía( (HURS)( de( Córdoba( entre( los( años( 200922012.( El( estudio( se( ha( llevado( a( cabo(conjuntamente(en( la(Unidad(de(Neonatología(y( la(Sección(de(Endocrinología(Pediátrica(del(Servicio( de( Pediatría( del( HURS,( la( Unidad( Experimental( del( Distrito( Córdoba( y( el(Departamento(de(Bioquímica(y(Biología(Molecular(de(la(Universidad(de(Córdoba((UCO).(La(selección(y(control(clínico(de( los(sujetos,(y( la(obtención(de( las(muestras(serológicas(se(han(realizado( en( el( HURS,( y( los( análisis( proteómicos( en( la( Unidad( Experimental( del( Distrito(Córdoba(y(el(Departamento(de(Bioquímica(de(la(UCO.((
Este(estudio(ha(seguido(los(principios(fundamentales(establecidos(en(la(Declaración(de(Helsinki,( en( el( Convenio( del( Consejo( de( Europa( relativo( a( los( derechos( humanos( y( la(biomedicina,( en( la( Declaración( Universal( de( la( UNESCO( sobre( el( genoma( humano( y( los(derechos(humanos,(y(los(requisitos(establecidos(en(la(legislación(española(en(el(ámbito(de(la(investigación(médica,( la( protección(de(datos( de( carácter( personal( y( la( bioética,( con( la( Ley(14/2007,(de(julio,(de(Investigación(Biomédica,(y(se(ajusta(a(lo(establecido(en(la(Ley(31/1995,(de( 8( de( noviembre,( de( Prevención( de( Riesgos( Laborales,( y( en( los( Reales( Decretos( que( la(desarrollan(en( cuanto(a( los( riesgos( relacionados(con( la( exposición(a( agentes(biológicos.(El(estudio(ha(sido(aprobado(por( la(Subcomisión(de(Investigación(y(Comité(Ético(del(HURS(de(Córdoba.(
(
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• Consentimiento informado. 
• Peso nacimiento < p10 (Curvas de Carrascosa). 
• Datos ecográficos de función placentaria alterada 
o reducción de la velocidad de crecimiento 
(Criterios SEGO 2009). 
 
•  Infección congénita conocida. 
•  Anomalías genéticas. 
•  Malformaciones congénitas o síndromes sin 
defecto genético conocido. 
 
CRITERIOS DE INCLUSIÓN 














0 - 48 h 
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Variables.%%Para(cada(caso(y(cada(control(correspondiente,(se(recogieron(las(siguientes(variables:(fecha( de( ingreso,( EG,( tipo( de( parto,( género,( peso( al( nacimiento,( peso( al( ingreso,( longitud,(perímetro( cefálico,( hipoxia2isquemia,( test( Apgar( 125( minutos,( distrés( respiratorio,(enterocolitis(necrotizante,(preeclampsia,(HTA(del(embarazo,(oligoamnios,(primípara,(drogas(maternas,( tabaco,( alcohol,( corticoides( maternos,( hemocultivo,( proteína( C( reactiva( (PCR),(procalcitonina((PCT),(hemograma(completo(con(fórmula(y(recuento(leucocitario(y,(recuento(plaquetario,(AST,(ALT,(glucemia,(creatinina,(urea,(proteínas(totales,(sodio,(potasio(y(calcio.(((




2Hipoxia2isquemia:(agresión(a(todos(los(órganos(del(neonato(por(episodio(asfíctico(perinatal(que( conlleva( pH( <7.0,( déficit( de( bases( ≥( 210( mEq/L( y( test( Apgar( 5( minutos( <3.( (Si/No).(Cualitativa(dicotómica.(2Test(de(Apgar:(valoración(de(respiración,(frecuencia(cardiaca,(coloración,(reflejos(y(tono((022(por(ítem)(de(forma(conjunta(puntuación(de(0210(en(1(minuto(y(a(los(5(minutos(tras(el(parto.(Cuantitativa(discreta.(2Distrés( respiratorio:( clasificación(de(5( signos(de( Silverman( (puntuación(022)(±(polipnea(±(cianosis.(Cuantitativa(discreta.(2Enterocolitis( Necrotizante( (ECN).( Definida( como( diversos( grados( de( necrosis( de( la( pared(intestinal.(Clasificación(según(los(estadios(de(Bell.(Cualitativa(discreta.(2Edad(de(la(madre.(En(años.(Cuantitativa(continua.(2(Primípara:(mujer(que(pare(por(primera(vez.((Sí/No).(Cualitativa(dicotómica.(2Preeclampsia:( aparición( de( hipertensión( (>140/90( mmHg)( y( proteinuria( (300mg/24h)(después(de(la(semana(20(de(embarazo.((Sí/No).(Cualitativa(dicotómica.(2Hipertensión(gestacional(o( inducida(por(el(embarazo:(aparición(de(hipertensión((>140/90(mmHg)(después(de(la(semana(20(de(embarazo.((Sí/No).(Cualitativa(dicotómica.((2Oligoamnios:(índice(de(líquido(amniótico(<5.((Sí/No).(Cualitativa(dicotómica.(2Drogas( maternas:( uso( por( parte( de( la( madre( de( sustancia( prohibidas( (cocaína/( heroína)(durante(el(periodo(de(gestación.((Sí/No).(Cualitativa(dicotómica.(2Fumadora:((Sí/No).(Cualitativa(dicotómica.(2Ingestión(de(alcohol(durante(el(embarazo:((Sí/No).(Cualitativa(dicotómica.(2Corticoides(maternos:(la(madre(ha(recibido(betametasona(en(las(48(horas(previas(al(parto.((Sí/No).(Cualitativa(dicotómica.(2Hemocultivo( positivo:( crecimiento( de( un(microorganismo( en(medio( de( cultivo( tras( haber(extraído(como(mínimo(0,5(ml(de( sangre(del(paciente.(Nombre(microorganismo.(Cualitativa(nominal.(2PCR:(valor(numérico(en(mg/L.(Cuantitativa(continua.((
Material"y"métodos!
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2PCT:(valor(numérico(en(μg/dL.(Cuantitativa(continua.(2Hemograma( con( fórmula( y( recuento( leucocitario:( valor( numérico( según( Sistema(Internacional((S.I.)(al(uso.(Cuantitativa(continua.(2Recuento(de(Plaquetas:(valor(numérico(según(S.I.(al(uso.(Cuantitativa(continua.(2AST(y(ALT:(valor(numérico(según(S.I.(Cuantitativa(continua.(2Hipoglucemia:(niveles(de(glucosa(<(40(mg/dl.((Sí/No).(Cualitativa(dicotómica.(2Hipocalcemia:(concentración(sérica(de(calcio(total(<(7(mg/dl(y(concentración(de(calcio(iónico(<(4(mg/dl.((Sí/No).(Cualitativa(dicotómica.(2Policitemia:(hematocrito(venoso(>(65%.((Sí/No).(Cualitativa(dicotómica.(2Trombopenia:(menos(de(100000(plaquetas/mm.³((Sí/No).(Cualitativa(dicotómica.((
1.3. Criterios%de%inclusión.%Tras( información( oral( por( el( neonatólogo( asignado,( a( los( padres/madres( o( tutores(legales( se( les( entregó( por( escrito( información( relativa( al( estudio( para( su( consentimiento(informado((anexo(1)(que(fue(firmado(por(ambas(partes,(como(requisito(indispensable(para(la(incorporación(al(estudio.(Criterios(de(inclusión:(RN(de(género(masculino(o(femenino(con(RCIU(definido(por(peso(al( nacimiento( por( debajo( del( percentil( 10( para( su( edad( gestacional,( según( las( curvas( de(Carrascosa253( y( con( datos( ecográficos( de( función( placentaria( alterada,( identificada( por(Doppler(anómalo(de(la(arteria(umbilical(o(reducción(de(la(velocidad(de(crecimiento.68((





1.5. Cálculo%del%tamaño%muestral.%Para(el( cálculo(del( tamaño(muestral(de(este(proyecto,(utilizamos(como(base(el( trabajo(piloto(que(se(presentó(por(nuestro(grupo(en(el( Joint"Congress"of"Spanish"Proteomics"Society"
and"the"Latin"American"Human"Proteome"Organization( del(10(al(13(de(Febrero(de(2009(en(Pamplona254( (España).( Hemos( utilizado( la( suma( de( los( cuadrados( corregida( y( desviación(estándar(de(los(valores(de(la(concentración(de(proteínas(totales(séricas(en(RN(tabulados(en(ocho(grupos(de(peso(al(nacimiento.(Para(un(error(alfa(de(0,05(y(una(potencia(del(0,90((error(beta=(0,1)(el(tamaño(muestral(obtenido(fue(de(11(individuos(para(cada(grupo.(Este(cálculo(se(realiza(con(el(package(“pwr”(del(programa(estadístico(R(versión(3.22.255(Para(evitar(la(pérdida(de(potencia(del(estudio,(por(las(posibles(pérdidas(y/o(abandonos(de(RN(durante(el(desarrollo(temporal(del(proyecto,((se(tomaron(15(RN(en(cada(uno(de(los(grupos.(((
2. Pretratamiento%de%muestras.%
2.1. Normalización%de%la%concentración%de%proteínas.%Las(muestras(de(suero(sanguíneo(son(la(principal(fuente(de(estudio(en(proteómica(clínica(para( identificar( las(proteínas( relacionadas(con(el(diagnóstico(o( la( respuesta(al( tratamiento.(Sin( embargo,( el( enorme( rango( dinámico( de( las( proteínas( séricas,( de( hasta( 9( órdenes( de(magnitud( impide(un(análisis(adecuado.(Para(superar(estas( limitaciones,(hemos(utilizado(un(método(que(no(conlleva(la(eliminación(de(proteínas(plasmáticas(sino(que(normaliza(el(rango(dinámico(de(concentraciones(en(una(muestra(biológica(compleja(como(es(el(suero(humano.(Para(ello,(hemos(usado(el(Kit(comercial(ProteoMiner(TM(Protein(Enrichment(Kit((Bio2Rad),(que( ecualiza( el( rango( dinámico( de( concentración( sérica( y( que( utiliza( ( una( columna( de(cromatografía(a( la(que(están(unidos(numerosos(hexapéptidos(aleatorios(sintetizados,256(que(actúan(de( ligandos(para( las(proteínas(de( las(muestras( (Figura(3).(Esta( técnica(enriquece(el(medio(disminuyendo(las(proteínas(más(abundantes(y(aumentando(las(minoritarias(con(lo(que(disminuye(el( rango(dinámico(de(concentraciones,( como(paso(previo(a(un(posterior(análisis(
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proteómico.257(Hemos(usado(este(método,(pese(a(sus(limitaciones,(porque(el(uso(de(algunas(técnicas(que(utilizan(columnas(de(cromatografía(con(sistemas(de(anticuerpos(u(otro(tipo(de(moléculas( con( afinidad(pueden(no( ser( eficientes( al( 100%,( ya( que( las( uniones( inespecíficas(suponen((en(un(tanto(por(ciento(reducido,(la(depleción(de(proteínas(no(deseadas.(






Reducing dynamic range 
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(
2.2. Determinación%de%la%concentración%de%proteínas.%La( concentración( de( proteínas( de( las( fracciones( eluídas( de( la( columna( del( kit(Proteominer,(se(determinó(empleando(el(método(Bradford258,(que(se(basa(en(la(formación(de(complejos(coloreados(entre(las(proteínas(y(el(colorante(Coomassie(Blue(G2250.(El(máximo(de(absorbancia(del(colorante(cambia(desde(465(nm(hasta(595(nm.(Cuando(se(une(a(la(proteína,(la(absorbancia(a(595(nm(es(directamente(proporcional(a(la(concentración(de(proteínas(de(la(muestra.(2.2.1. Previamente( se( preparó( una( curva( de( calibrado,( para( la( que( utilizamos(seroalbúmina(bovina((BSO).((Disolvimos(10(mg(de(albúmina(en(10(ml(de(agua(destilada(y(preparamos(la(curva(patrón(con(un(rango(desde(0(hasta(60(µg.(2.2.2. Para(calcular( la(cantidad(de(proteínas(de( las(distintas(muestras(se(añadió(1(ml(de(solución(de(colorante((1(vol(del(reactivo(comercial(de(Bio2Rad(se(diluye(con(4(vol(de(agua(destilada)(y(10(µl(de(una(dilución(adecuada(de(la(muestra.(Tras(incubar(durante(15(min(a(temperatura(ambiente(se(midió(la(absorbancia(a(595(nm.(2.2.3. La(concentración(de(proteínas(se(calculó( interpolando( la(absorbancia(obtenida(sobre(la(recta(patrón(previamente(determinada.((




volvió( a( centrifugar(unos( segundos(para( eliminar( el( líquido( residual( sin(perturbar( el(pellet.((2.3.3. Luego(se(añadió(sobre(éste(40(μl(del(agente(co2precipitante,(se(incubó(5(min(en(hielo( y( se( centrifugó( a( 12000( x( g( durante( 5( min.( Tras( eliminar( el( sobrenadante( se(añadió(25(μl(de(agua(ultrapura(sobre(el(pellet(y(se(agitó(durante(5210(seg.(2.3.4. Para(precipitar(la(muestra(se(añadió(1(ml(de(agente(de(lavado((enfriado(a(220°(C)(y(5(μl(de(agente(de(lavado(más.(La(mezcla(se(incubó(durante(30(min(a(220(°C(agitándose(cada(10(min.(Par(obtener(las(proteínas(precipitadas(se(centrifugó(el(tubo(a(12000(x(g(durante(5(min(y(se(eliminó(el(sobrenadante.(El(precipitado(se(dejó(secar(a(temperatura(ambiente(no(más(de(5(min(y(se(resuspendió(en(tampón(de(rehidratación.(((
(
3. %Electroforesis%bidimensional%en%geles%de%poliacrilamida%(2DEPAGE).%
Una(vez(pretratadas(las(muestras(obteniendo(una(mezcla(menos(compleja(de(proteínas(ya(precipitadas,( ésta( se(usó(para( la(electroforesis(bidimensional( en(geles(de(poliacrilamida((2D2PAGE).( Esta( técnica( es( la( herramienta( más( empleada( para( el( análisis( global( y( la(separación(de(los(componentes(del(proteoma(que(permite(la(separación(de(cientos(o(miles(de(proteínas((“spots”)(en(un(único(gel,(mostrando(un(patrón(característico.(Para(esto,(en(primer(lugar( se( realiza( una( primera( dimensión( o( Isoelectroenfoque( (IEF)( que( consiste( en( la(separación(de( las(proteínas(por( su(punto( isoeléctrico( (pI)( en( tiras( con(un(gradiente(de(pH(inmovilizado((IPG).((Luego(se(hace(una(segunda(dimensión(consistente(en(la(separación(de(las(proteínas(en(geles( de( poliacrilamida( en( presencia( de( dodecilsulfato( sódico( (SDS)( atendiendo( a( su(masa(molecular.(De(esta(forma(se(obtiene(un(gel(con(las(proteínas(distribuidas(en(dos(dimensiones.((
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%
Figura%4.((Esquema(de(electroforesis(bidimensional.((
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de(las(proteínas(y(mejorar(la(separación(electroforética.(Ambos(pasos(se(llevaron(a(cabo(con(agitación(y(este(último(en(oscuridad.((
3.3. %Electroforesis%en%geles%de%poliacrilamida.%(
Las(tiras(equilibradas(de(IEF(se(colocaron(sobre(los(geles(de(poliacrilamida((Criterion(TM(XT(Bis2Tris(Precast(Gels)(en(presencia(de(SDS((SDS2PAGE)(al(12(%,(evitando(que(se(formaran(burbujas(en(la(unión(entre(ambos(que(pudieran(afectar(a(la(entrada(de(las(proteínas(de(la(tira(al( gel.( Junto( a( su( extremo( derecho( se( colocó( una( tira( de( papel( Whatmann( embebida( en(marcador(de(peso(molecular(“Precision(Plus(Protein(Standards,((BIO2RAD)”(y(se(sellaron(con(agarosa( (Agarose( IEF(1720554201,(GE(Healthcare)(al(0,5%.(Para( la(electroforesis( se(usó(un(tampón( de( electrodos( XT2MOPS( Running( Buffer( y( se( llevó( a( cabo( con( el( sistema(electroforético( “Criterion( DodecaTM( Cell,( (BIO2RAD)”( a( 20°C( en( dos( pasos:( 1)( 2,5( W/gel(durante(5(min,(2)(un(voltaje(constante(de(200(V(hasta(que( la(banda(de(azul(de(bromofenol(alcanzó(el(borde(inferior(de(cada(uno(de(los(geles((aproximadamente(1(h).(((




min(con(el(mismo(tampón(de(fijación(anterior(y(un(último(lavado(con(agua(bidestilada(para(eliminar(la(tinción(de(fondo.(Todos(los(pasos(se(hicieron(preservando(los(geles(de(la(luz.(Tras( su( tinción,( los( geles( fueron( digitalizados( con( un( laser2escáner( capaz( de( detectar(fluorescencia(como(es(el(“Molecular(Imager(TM(FX((Bio2Rad)”(en(el(Servicio(de(Proteómica(del(Servicio(Central(de(Apoyo(a( la( Investigación( (SCAI)(de( la(UCO.(Se(escanearon( todos( los(geles( obteniendo( imágenes( en( archivos( informáticos( para( posteriormente( ser( analizados.(Finalizada( la( adquisición( de( las( imágenes,( los( geles( empleados( se( envasaron( en( bolsas( de(plástico(con(metanol(al(3(%(y(agua(bidestilada(hasta(el(momento(de(su(uso.((El(análisis(de(imagen(se(llevó(a(cabo(con(el(software(de(análisis(Proteomweaver(TM(22D(v4.0((Bio2Rad®).(Este((proceso(requiere(una(revisión(manual((pormenorizada(y,(en(ocasiones,(la( edición( y( corrección( de( alguna( de( las( manchas( o( de( los( emparejamientos( de( los( geles(detectados(automáticamente.(A(continuación,(el(programa(realiza(un(análisis(cuantitativo(y(otro(estadístico(lo(que(permite(obtener(medidas(del(nivel(de(expresión(de(cada(una(de(ellas.(Para(compensar(las(diferencias(entre(geles(debido(a(la(eficiencia(de(la(tinción,(se(utilizó(un( modelo( de( regresión( lineal( para( encontrar( una( curva( en( el( diagrama( de( dispersión(minimizando(la(distancia(a(cada(punto(y(que(permite(calcular(un(factor(de(normalización(que(se( calcula( para( cada( mancha.( Todas( aquellas( que( cumplen( esos( criterios( se( revisaron(manualmente( para( determinar( si( las( correspondencias( de( los( geles( de( cada( grupo,( y( de(diferentes(grupos,(eran(adecuadas,(editarlas(y(corregirlas(si( fuera(necesario.(Por(último,( los(datos(fueron(analizados(con(la(prueba(t(de(Student,(y(se(consideraron(significativas(aquellas(manchas( con( valores( de( p( <0,05(previamente( verificadas( visualmente( para( excluir( errores(extrínsecos(de(las(muestras.(Una( mancha( se( consideró( presente( en( un( grupo( de( estudio( si( se( encontró( en( las( 3(repeticiones(de(cada(gel,(con(un(coeficiente(de(variación(de(la(intensidad(≤20%,(y(ausente(si(era( indetectable(en(cualquiera(de( las(3(repeticiones.(La(normalización,( junto(con(el(análisis(estadístico(que(incluye(el(software,(contribuye(a(asegurar(que(las(diferencias(encontradas(se(deben(a(los(tratamientos(y(no(a(la(manipulación(durante(el(experimento.(
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Una(mancha(estaba(sobre2expresada(o(sub2expresada(cuando(su(intensidad(relativa(fue(de(2,5(veces(por(encima(o(por(debajo(de( la(de( los(geles(de( referencia,( respectivamente;( se(descartaron(las(manchas(no(presentes(en(al(menos(2(de(las(3(réplicas(de(cada(grupo(con(un(coeficiente( de( variación( de( la( intensidad( ≥20%( y( un( valor( de( p>0,05.( Los( parámetros( de(detección(para(el(análisis(de( imágenes( fueron:(radio(mínimo,(4;( intensidad(mínima,(2000(y(mínimo(contraste,(10.(((





3.6. Identificación% de% proteínas% mediante% espectrometría% de% masas% (MALDI%
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(
4. Validación%de%resultados.(
Tras(identificar(las(proteínas(se(validaron(tres(de(ellas(por(Western"Blot.(En(la(Tabla(3(se(detallan(las(proteínas(validadas,(los(anticuerpos(usados(y(las(diluciones(para(cada(ensayo.(Se(realizaron((electroforesis(con(minigeles((Mini2Protean®(TGX(Stain2Free™(precast(gels,(BioRad)(usando(el(sistema(Mini(Protean( tetra2Cell,(Bio2Rad.(Para(ello(se( tomaron(muestras(que( contenían( la( proteína( de( interés( (20( µg( de( los( extractos( usados( para( la( proteómica,(diluidos(1:1(en(2(x(tampón(de(Laemmli)(y(marcadores(que(se(aplicaron(en(los(pocillos(del(gel,(tras(cuantificar(la(concentración(de(proteína(según(el(método(de(Bradford,(y(se(separaron(en(geles(de(SDS(al(12%((APOL1)(o(4215%((SUMO3(y(MBOAT7).(Las(electroforesis(se(llevaron(a(cabo(aplicando(un(voltaje(constante(de(200(V(y(150(mA(durante(un(tiempo(aproximado(de(45(minutos.((Después(de(la(electroforesis,(las(proteínas(se(transfirieron(a(membranas(de(PVDF(con(el(sistema( Trans2Blot®( Turbo™( de( transferencia( (BioRad).( Para( la( inmunodetección,( se(bloquearon(las(proteínas(inmovilizadas(en(las(membranas(con(™(Solución(iBind((Novex®).(((
Tabla% 3.% Proteínas( y( Anticuerpos( usados( para( la( validación( de( resultados( mediante(Western(Blot.(
PROTEÍNA% ANTICUERPO% CONDICIONES%INMUNODETECCIÓN%
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de(la(electroforesis(bidimensional.(Composición:(Tris2HCl(50mM(pH(8,8;(urea(6(M;(glicerol(20%;(SDS(2%;(trazas(de(azul(de(bromofenol.(Conservación:(a(–20o(C.((
Agarosa% al% 0,5%.% Uso:( sellado( de( geles( de( IEF( sobre( la( superficie( de( los( geles( de(poliacrilamida2SDS.(Composición:( se( prepara( disolviendo( 0,5( g( de( agarosa( en( 100(ml( de(Running(buffer.(Conservación:(a(temperatura(ambiente.  
XTEMOPS%Running%Buffer.%Uso:(tampón(de(electroforesis.  
5.3%%%Tinción%de%geles.%
Solución% de% fijación.%Etanol(50%(y(ácido(acético(3%.(Composición:( para(1( l,( se(prepara(disolviendo(en(agua(destilada(500(ml(de(etanol(y(30(ml(de(ácido(acético.(Conservación:(4oC.  
((




















































Género%(M/F)%( ( 6/9( 5/8( 0,934( ( 6/9( 7/8( 0,713( ( 7/8( 6/9( 0,713(
EG%(sem)%( ( 30,86±0,9(( 30,83±1.06(( 0,953(( ( 33,53±0,16(( 34,57±0,31(( 0,07(( ( 40,3±0,18(( 38,1±0,31(( 0,08((
P%nto%(g)%( ( 1572±48(( 1132±48(( <0,001(( ( 2067±98(( 1740±65(( <0,001(( ( 3498±124(( 2056±42(( <0,001((
L%nto%(cm)%( ( 41,87±0,45(( 38,46±0,59(( <0,001(( ( 43,92±0,66(( 42,96±0,70(( 0,255(( ( 51,5±0,60(( 45,9±0,43(( <0,001((
PC%nto%(cm)%( ( 28,8±0,41( 26,69±0,28( <0,001( ( 30,93±0,34( 30,73±0,50( 0,743( ( 34,7±0,36( 32,3±0,27( <0,001(
Test%de%Apgar%%
(1%min%E%5%min)%( ( 7,6±0,49(9,2±0,42( 7,3±0,41(8,6±0,49( 0,746(0,074( ( 7,9±0,20(9,3±0,15( 7,6±0,30(9,0±0,21( 0,374(0,228( ( 7,1±0,41(8,7±0,28( 7,7±0,52(9,4±0,25( 0,384(0,084(
































































Variable RN N n (%) P 
DR RCIU 43 13(30,23) 0,171 
 AEG 45 8 (17,77)  
ECN RCIU 43 2 (4,65) 0,143 
 AEG 45 0  
Hipoxia-Isquemia RCIU 43 0 NA 
 AEG 45 0  
Hipoglucemia 0-48h RCIU 43 13 (30,23) 0,171 
 AEG 45 8 (17,77)  
Hipoglucemia 7-10d RCIU 43 1 (2,32) 0,974 
 AEG 45 1 (2,22)  
Primípara RCIU 43 30 (69,76) 0,166 
 AEG 45 30 (66,66)  
Esteroides prenatales RCIU 43 22 (51,16) 0,839 
 AEG 45 24 (53,33)  
Oligoamnios RCIU 43 3(6,97) 0.079 
 AEG 45 0  
Preeclampsia RCIU 43 13 (30,23) *0,001 
 AEG 45 2 (4,44)  
HTA gestacional RCIU 43 6 (13,95) *0,001 
 AEG 45 1 (2,22)  
Trombopenia 0-48h RCIU 43 8 (18,60) *0,002 
 AEG 45 0  
Trombopenia 7-10d RCIU 43 4 (9,30) *0,036 
 AEG 45 0  
Trombopenia 28-10d RCIU 43 2 (4,65) 0,143 
 AEG 45 0  
Hemocultivo + 0-48h RCIU 43 1 (2,32) 0,328 
 AEG 45 3 (6,66)  
Hemocultivo + 7-10d RCIU 43 11 (25,58) *0,005 
 AEG 45 2  (4,44)  
Hemocultivo + 28-30d RCIU 43 2 (4,65) 0,143 
 AEG 45 0  
Policitemia 0-48h RCIU 43 2 (4,65) 0,143 
 AEG 45 0  
Tabaco RCIU 43 1  (2,32) 0,304 
 AEG 45 0  
Alcohol/otras drogas RCIU 43 0 NA 



































Variable RN N Grupo 1 
(EG 29 a 32s) 
P N Grupo 2 
(EG 33 a 36s) 
P N Grupo 3 
(EG ≥ 37 s) 
P 
DR RCIU 13 6 (46,15) 0,488 15 4 (26,66) 0,142 15 3 (20) 0,624 
 AEG 15 5 (33,33)  15 1 (6,66)  15 2 (13)  
ECN RCIU 13 ----- NA 15 2 (13) 0,143 15 ----- NA 
 AEG 15 -----  15 0  15 ------  
Hipoxia-Isquemia RCIU 13 ----- NA 15 ----- NA 15 ----- NA 
 AEG 15 -----  15 -----  15 -----  
Hipoglucemia 0-48h RCIU 13   2 (15,38) 0,150 15 3 (20) 0,624 15 8 (53,33) *0,001 
 AEG 15 6  15 2 (13)  15 0  
Hipoglucemia 7-10d RCIU 13 ----- NA 15 1(6,66) 0,974 15 ----- NA 
 AEG 15 -----  15 1 (6,66)  15 -----  
Primípara RCIU 13 9 (69,23) 0,229 15 9 (60) 0,512 15 12 (80) 0,512 
 AEG 15 7 (46,66)  15 10 (66,66)  15 13 (86,66)  
Esteroides prenatales RCIU 13 12 (92,30) 0,630 15 9 (60) 0,439 15 1 (6,66) 0,309 
 AEG 15 13 (86,66)  15 11 (73,33)  15 0  
Oligoamnios RCIU 13 2 (7,69) 0,115 15 ----- NA 15 1 (6,66) 0,309 
 AEG 15 0  15 -----  15 0  
Preeclampsia RCIU 13 6 (46,15) 0,055 15 7 (46,66) *0,003 15 ------ NA 
 AEG 15 2 (13,33)  15 0  15 -----  
HTA gestacional RCIU 13 3 (23,07) 0,216 15 1 (6,66) 0,309 15 2 (13,33) 0,143 
 AEG 15 1 (6,66)  15 0  15 0  
Trombopenia 0-48h RCIU 13 2 (7,69) 0,115 15 5 (33,33) *0,014 15 1 (6,66) 0,309 
 AEG 15 0  15 0  15 0  
Trombopenia 7-10d RCIU 13 1 (7,69) 0,274 15 2 (13,33) 0,143 15 1 (7,69) 0,309 
 AEG 15 0  15 0  15 0  
Trombopenia 28-10d RCIU 13 ----- NA 15 1 (7,69) 0,309 15 ----- NA 
 AEG 15 -----  15 0  15 -----  
Hemocultivo + 7-10d RCIU 13 7 (53,84) *0,022 15 4 (26,66) *0,032 15 ----- NA 
 AEG 15 2 (13,33)  15 0  15 -----  
Policitemia 0-48h RCIU 13 ----- NA 15 1 0309 15 1 0,309 
 AEG 15 -----  15 0  15 0  
Tabaco RCIU 13 1 (7,69) 0,274 15 ----- NA 15 ----- NA 
 AEG 15 0  15 -----  15 -----  
Alcohol/otras drogas RCIU 13 ----- NA 15 ----- NA 15 ----- NA 
 AEG 15 -----  15 -----  15 -----  
           

































Tabla% 8.%Variables( analizadas( en( la( primera,( segunda( y( tercera( determinación( realizada(entre(las(0248(horas,(7210(días(y(28230días(de(vida.%
Variable# RN# N# 0/48h# P" N# 7/10d# P" N# 28/30d# P"
PCR#(mg/L)# RCIU! 40! 01,39±2,78! *0,017! 33! 07,00±17,3! 0,313! 18! 06,92±14,7! 0,052!
# AEG! 39! 12,25±2,79! ! 37! 03,57±10,3! ! 25! 01,21±2,28! !
PCT#(ng/ml)# RCIU! 8! 00,21±0,21! 0,263! 14! 01,70±3,10! 0,316! 3! 04,72±7,00! 0,624!
# AEG! 19! 09,25±2,20! ! 6! 00,36±0,47! ! 1! 0,08======! !
Hb#(g/dL)# RCIU! 43! 18,15±2,02! *<0,001# 40! 15,72±2,45! *0,009! 37! 10,88±1,84! 0,528!
# AEG! 45! 15,57±2,13! ! 41! 14,19±2,62! ! 42! 10,56±2,01! !
Hto#(%)# RCIU! 43! 54,39±6,33! *<0,001# 40! 47,66±7,36! *0,008# 38! 32,02±5,19! 0,814!
# AEG! 45! 47,90±5,95! ! 41! 42,99±8,13! ! 42! 31,71±6,15! !
Leucocitos#(103/μL)# RCIU! 43! 13416±7659! 0,151! 40! 12184±4253! 0,543! 39! 10804±3305! 0,569!
# AEG! 45! 21036±3327! ! 41! 12849±5465! ! 42! 11224±3298! !
PMN#(%)# RCIU! 43! 49,67±15,5! 0,558! 40! 35,33±12,0! *0,018# 38! 23,88±8,39! 0,502!
# AEG! 45! 51,64±15,6! ! 41! 41,58±11,3! ! 42! 25,14±8,39! !
Linfocitos#(%)# RCIU! 43! 39,41±15,1! 0,204! 40! 43,63±12,3! 0,202! 39! 55,57±10,0! 0,222!
# AEG! 45! 35,34±14,3! ! 41! 40,23±11,5! ! 41! 58,24±19,3! !
Monocitos#(%)# RCIU! 43! 07,56±3,81! 0,129! 40! 14,75±5,38! *0,037# 39! 09,31±2,58! 0,595!
# AEG! 45! 08,94±4,44! ! 41! 12,32±4,91! ! 42! 08,96±3,27! !
Eosinófilos#(%)# RCIU! 43! 02,46±1,88! 0,785! 40! 04,34±2,93! 0,719! 39! 06,92±5,05! 0,111!
# AEG! 45! 02,36±1,59! ! 41! 04,14±1,92! ! 42! 05,40±3,34! !
Basófilos#(%)# RCIU! 43! 00,84±0,55! 0,196! 40! 01,37±0,80! 0,110! 36! 00,89±0,46! 0,442!
# AEG! 45! 01,17±1,46! ! 41! 01,11±0,63! ! 42! 00,81±0,39! !
Plaquetas#(103/μL)# RCIU! 43! 181785±61103! *<0,001# 40! 273275±124266! *0,001# 39! 380435±124497! 0,761!
# AEG! 45! 266622±83951! ! 41! 363170±111290! ! 42! 390785±174925! !
AST#(U/L)# RCIU! 30! 70,00±86,0! 0,814! 34! 35,00±18,0! 0,428! 37! 35,0±40,0! 0,402!
# AEG! 26! 66,00±44,0! ! 37! 31,00±14,0! ! 37! 30,0±12,0! !
ALT#(U/L)# RCIU! 30! 25,00±48,0! 0,959! 32! 14,00±17,0! 0,410! 25! 18,0±5,00! 0,052!
# AEG! 26! 26,00±49,0! ! 37! 19,00±26,0! ! 24! 20,0±9,00! !
Glucosa#(mg/dL)# RCIU! 42! 51,00±32,0! 0,525! 40! 79,00±26,0! 0,399! 42! 81,00±18,0! 0,534!
# AEG! 44! 52,0±36,0! ! 44! 84,00±24,0! ! 43! 78,00±12,0! !
Proteínas#(g/L)# RCIU! 43! 05,00±0,75! 0,524! 39! 05,20±0,55! 0,199! 42! 04,68±0,85! 0,191!
# AEG! 45! 05,10±1,06! ! 44! 05,39±0,76! ! 44! 04,90±0,65! !
K#(mEq/L)# RCIU! 42! 04,59±0,81! 0,532! 39! 04,80±0,78! 0,674! 40! 05,28±0,69! 0,813!
# AEG! 43! 04,70±0,78! ! 44! 04,72±0,78! ! 44! 05,25±0,65! !
Na#(mEq/L)# RCIU! 45! 135,0±3,29! 0,171! 40! 135,6±3,76! 0,183! 41! 136,2±2,33! 0,899!
# AEG! 45! 136,2±3,29! ! 44! 136,6±3,31! ! 44! 136,1±3,33! !
Ca#(mg/dL)# RCIU! 40! 10,26±0,88! 0,239! 39! 11,14±0,57! 0,259! 31! 11,00±0,80! 0,051!
# AEG! 41! 10,02±0,93! ! 43! 11,00±0,54! ! 39! 11,32±0,50! !
Urea#(mg/dL)# RCIU! 43! 24,65±13,93! 0,421! 40! 18,15±14,1! 0,634! 42! 13,80±9,13! 0,776!
# AEG! 41! 26,90±11,40! ! 44! 19,61±14,8! ! 44! 13,31±6,60! !
Cre#(mg/dL)# RCIU! 42! 00,69±0,19! 0,449! 40! 00,48±0,14! 0,473! 41! 00,38±0,06! 0,511!






1.5% Análisis% descriptivo% categorizado% según% EG% de% las% variables% cuantitativas% con%




Variable% RN% N% 0E48h% P! N% 7E10d% P! N% 28E30d% P!
PCR%(mg/L)% RCIU( 13( 00,93±1,40( 0,279( 13( 11,09±22,1( 0,493( 11( 06,95±11,5( 0,468(
% AEG( 12( 04,19±10,5( ( 13( 05,66±17,3( ( 7( 02,18±3,72( (
Hb%(g/dL)% RCIU( 13( 17,36±1,66( *0,012% 13( 14,17±2,55( 0,265( 11( 10,60±1,93( 0,588(
% AEG( 15( 15,67±1,64( ( 13( 13,04±2,49( ( 14( 10,22±1,93( (
Hto%(%)% RCIU( 13( 51,66±5,49( *0,028% 13( 42,80±7,82( 0,157( 11( 31,86±5,24( 0,647(
% AEG( 15( 47,34±4,25( ( 13( 38,63±6,68( ( 14( 30,87±5,28( (
Plaquetas%(103/μL)% RCIU( 13( 196307±52948( *0,008% 13( 242230±104620( *0,029% 12( 369833±143023( 0,523(
% AEG( 15( 261000±64583( ( 13( 340769±112243( ( 14( 409000±161771( (
PMN%(%)% RCIU( 13( 34,40±10,4( 0,498( 13( 38,01±16,4( 0,231( 12( 24,01±10,3( 0,816(
% AEG( 15( 38,38±12,2( ( 13( 45,50±14,6( ( 14( 24,82±7,16( (
Monocitos%(%)% RCIU( 13( 08,71±5,61( 0,434( 13( 18,16±7,36( *0,008% 12( 09,15±2,33( 0,392(( AEG( 15( 10,62±6,73( ( 13( 10,89±5,40( ( 14( 09,94±2,23( (EG:( edad( gestacional;( RCIU:( retraso( de( crecimiento( intrauterino;( RN:( recién( nacido;( PCR:( proteína( C(reactiva;(Hb:(hemoglobina;(Hto:(hematocrito;(PMN:(polimorfonucleares.(*Estadísticamente(significativa((p(<(0,05)(























Variable% RN% N% 0E48h% P! N% 7E10d% P! N% 28E30d% P!
PCR%(mg/L)% RCIU( 15( 01,94±4,11( 0,157( 9( 08,36±19,65( 0,203( 5( 09,54±11,23( 0,115(
% AEG( 13( 00,26±0,28( ( 11( 00,58±0,79( ( 6( 01,41±2,29( (
Hb%(g/dL)% RCIU( 15( 18,26±1,98( *0,001% 12( 16,09±1,84( *0,003% 12( 10,59±1,99( 0,112(
% AEG( 15( 15,13±2,19( ( 14( 13,47±2,19( ( 14( 09,41±1,87( (
Hto%(%)% RCIU( 15( 54,24±6,07( *0,002% 12( 48,63±5,27( *0,001% 15( 30,92±5,75( 0,275(
% AEG( 15( 45,95±7,00( ( 14( 40,15±5,79( ( 14( 28,52±5,81( (
Plaquetas%(103/μL)% RCIU( 15( 170866±73647( *0,001% 12( 300166±133091( *0,030% 15( 382866±196369( 0,312(
% AEG( 15( 303333±117968( ( 14( 417571±125444( ( 14( 450142±232764( (
PMN%(%)% RCIU( 15( 50,06±12,66( 0,681( 12( 34,65±12,07( 0,230( 14( 25,03±9,08( 0,316(
% AEG( 15( 51,18±12,17( ( 14( 39,44±7,51( ( 14( 28,66±9,70( (
Monocitos%(%)% RCIU( 15( 06,72±2,55( 0,683( 12( 12,31±2,50( 0,458( 15( 08,20±2,06( 0,620(( AEG( 15( 07,10±2,28( ( 14( 13,12±3,29( ( 15( 08,81±3,70( (






















Variable% RN% N% 0E48h% P! N% 7E10d% P! N% 28E30d% P!
PCR%(mg/L)% RCIU( 12( 01,19±1,69( *0,021% 11( 01,06±1,93( *0,009% 2( 00,20±1,93( 0,493(
% AEG( 14( 30,20±4,48( ( 13( 04,02±2,92( ( 12( 00,54±2,92( (
Hb%(g/dL)% RCIU( 14( 18,76±2,26( *0,002% 15( 16,78±2,24( 0,439( 11( 11,42±1,55( 0,351(
% AEG( 15( 15,92(±2,25( ( 13( 16,11±2,21( ( 14( 12,06±1,73( (
Hto%(%)% RCIU( 14( 57,12±6,57( *0007% 15( 51,09±6,43( 0,634( 12( 33,53±4,39( 0,264(
% AEG( 15( 50,43±5,73( ( 14( 49,88±7,05( ( 14( 35,75±5,33( (
Plaquetas%(103/μL)% RCIU( 14( 180000±54721( *0,004% 15( 278666±134803( 0,226( 12( 388000±145174( 0,104(
% AEG( 15( 235533±39362( ( 14( 329571±76415( ( 14( 313214±74313( (
PMN%(%)% RCIU( 14( 62,52±10,4( 0,434( 14( 33,54±6,80( 0,060( 12( 22,40±5,34( 0,861(
% AEG( 15( 65,38±8,98( ( 15( 40,10±10,9( ( 14( 21,95±7,23( (
Monocitos%(%)% RCIU( 14( 06,72±2,55( 0,683( 15( 12,31±2,50( 0,458( 15( 08,20±2,06( 0,620(( AEG( 15( 07,10±2,28( ( 14( 13,12±3,29( ( 14( 08,81±3,29( (









































































Figura' 8.' Arriba." Región" centrada" de" un" gel" 21DE" representativo" de" RN" RCIU" del" grupo" de" “Gran" Prematuro”" (A.113)" “Prematuro"Moderado”" (B.113)," y" “"RN"Término”(C.113)"de"muestras"de" sangre"extraídas"en" las"primeras"48"horas"de"vida," entre"7110"días," y"a" los"28130"días."El"triángulo"señala"la"proteína"1,"presente"solamente"en""RCIU."Abajo.'Imagen"tridimensional"de"la"proteína"1"en"una"región"de"un"gel"21DE"representativo"de"RCIU."
“Gran Prematuro” 

















EG, 33 a 36 semanas 
“RN a término” 




















































































Tabla% 12.% Características( de( las( proteínas( identificadas( como( presentes( o( ausentes( en(suero(de(RN(RCIU(y(AEG.%
 
































(%)! Pep.'Cont' Access' Función'molecular'GO'term' Proceso'biológico'GO'term' Tipo''RN'1! Lisofosfolípido'
aciltransferasa'7'
MBOAT7! 40/52! 4.99/9.15! 49! 35! 9! sp|Q96N66|MBOA7! actividad!transferasa!,!! Biosíntesis!de!glicerofosfolípidos! RCIU!2! Pequeño'modificador'
relacionado'con'
ubiquitina'3'








DEFB108P1! 25/!8.39! 6.31/!8.9! 50! 78! 5! sp|A8MXU0|D108A! antimicrobiana!antibiótica!defensiva! Respuesta!defensiva!frente!a!bacterias! AEG!5! Ig'lambdaQ6'cadena'C' IGLC6! 27/11.4! 6.85/6.92! 96! 46! 4! sp|P0CF74|LAC6_! unión!a!antígenos! Receptor!!Fc]ε!de!vías!de!señales;!receptor!!Fc]γ!!de!vías!de!señales!envueltas!en!fagocitosis;!vía!clásica!de!activación!del!complemento;!respuesta!innata!inmune!
AEG!





























(%)! Pep.'Cont' Acceso' Función'Molecular'GO'término' Proceso'biológico'GO'término'9! Seroalbúmina' ALBU! 62.5/71.3! 6.24/5.92! 1000! 64! 36! sp|P02768|ALBU_! Unión!a!DNA;!actividad!antioxidante;!chaperone!unión;!unión!a!Cu,!drogas,!ácidos!grasos,!piridoxalMP,!sustancias!tóxicas!y!Zn!!
Transporte!de!ácidos!biliares;!coagulación!sanguínea;!starvation!resp;!hemolisis;!degranulación!plaquetaria;!ciclo!circadiano;!respuesta!a!Hg,!nutrientes,!org!subst!y!Pt;!!metabolismo!de!pequeñas!moléculas;!!transporte!anión!orgánico;!!transporte!transmembrana!10! Seroalbúmina' ALBU! 62.5/71.3! 6.15/5.92! 957! 63! 27! sp|P02768|ALBU_! ! !11! Seroalbúmina' ALBU! 62.5/!71.3! 6.1/5.92! 745! 48! 27! sp|P02768|ALBU_! ! !12! Seroalbúmina' ALBU! 62.5/!71.3! 6.2/5.92! 589! 41! 23! sp|P02768|ALBU_! ! !13! Seroalbúmina' ALBU! 62.5/!71.3! 5.98/5.92! 315! 31! 19! sp|P02768|ALBU_! ! !14! Gelsolina' GSN! 81/86! 6.35/5.9! 450! 34! 17! sp|P06396|GELS! Unión!al!ión!calcio! Biogénesis/degradación!de!cilios!
15! Apolipoproteína'E' APOE! 33.5/36.2!! 6.12/5.65! 469! 46! 15! sp|P02649|APOE_! Antioxidante;!unión!a!betaMamiloide!y!heparina!;!transporte!de!colesterol!y!lípidos!!
Metabolismo!del!colesterol/esteroides/esteroles;!transporte/metabolismo!lipídico;!!16! Keratina,'tipo'I'
citoesquelética'10'
















UGP2# 50/57# 4.35/8.16# 50# 25# 10# sp|Q16851|UGPA_# Actividad#UTP#glucosaA1AP#uridiltransferasa;#unión#a#glucosa;#unión#a#ión#metal;#unión#a#pirimidina#ribonucl##
Metabolism#UDPAglucosa/glucoronato;#metabolism#carbohidratos;#glucuronidación;#glucosa#1AP#metabolismo;#biosíntesis#del#glicógeno;##metabolismo#de#pequeñas#moléculas;##metabolismo#xenobiótico#24# Alfa$1$antitripsina/ SERPIN1# 50/46.87# 5.16/5.37# 192# 40# 12# sp|P01009|A1AT_# Unión#proteínas#idénticas;#unión#proteasa;#SerAtype#endopept#inhibr# Fase#aguda;#coagulación#sanguínea;#hemostasis#25# Alfa$1$antitripsina/ SERPIN1# 50/46.87# 5.16/5.37# 1090# 58# 22# sp|P01009|A1AT_# # #
26# Cadena/pesada/6/de/la/
dineína/de/axón/
DNAH6# 20/47.96# 5.62/5.72# 48# 10# 27# sp|Q9C0G6|DYH6# Unión#ATP;#ATPAasa;#actividad#del#microtúbulo## ATP#catabolismo;#movimiento#microtúbulos#27# Beta$2$glicoproteina/1/ APOH# 50/39.5# 6.7/8.34# 230# 36# 9# sp|P02749|APOH_# Unión#a#heparina;#activador#de#lipoprotein#lipasa;#unión#a#fosfolípidos## Vía#íntrínseca#de#coagulación#sanguínea;#regulación#negativa#de#angiogénesis;#activación#del#plasminógeno;#regulación#negativa##de#la#migración#de#células#endoteliales;##metabolismo##de#triglicéridos#28# Vitronectina/ VTN# 60/55# 4.86/5.55# 226# 16# 7# sp|P04004|VTNC# Unión#a#matriz#extracelular;#unión#a#polisacáridos/heparina;#scavenger#receptor#activity.#
#Adhesion#celular#
29# Vitronectina/ VTN# 59/55# 4.98/5.55# 350# 25# 10# sp|P04004|VTNC# .# #30# Proteína/Rab35/
relacionada/con/Ras/
RAB35# 20/23.29# 5.4/6.92## 91# 43# 3# sp|Q15286|RAB35# Unión#a#GDP/GTP;#unión#a#proteínas;#actividad#GTPasa;#unión#a#fosfatidilinositolA4,5Abifosfato##
Presentación/procesamiento#de#antígenos;#citokinesis;#GTP#catabolismo,#transporte#y#localización#proteica;#respuesta#celular#a#estímulo#de#factor#de#crecimiento#nervioso#celular;#transporte#endosomal;#desarrollo#proyección#neuronal:#localización#proteica#endosomal;#transducción#de#señal#mediada#por#pequeña#GTPasa#31# Beta$2$glicoprotein/1/
(Fragmento)/
APOH# 50/20.5# 6.4/7.98# 52# 27# 3# tr|J3QRN2|J3QRN# # #
32# Peroxiredoxina$2/ PRDX2# 22/22# 5.6/5.66# 515# 36# 9# sp|P32119|PRDX2# Actividad#tioredoxin#peroxidasa# H2O2#catabolismo;#regulación#negativa#de#la#apoptosis#y#de#apoptosis##neuronal;#eliminación#de#radicales#superóxidos#33# Fibrinógeno/cadena/
beta/


















 Grupo 1 
(EG 29 a 32 s) 
 Grupo 2 
(EG 33 a 36 s) 
 Grupo 3 
(EG ≥ 37 s) 
 0-48h 7-10d 28-30d  0-48h 7-10d 28-30d  0-48h 7-10d 28-30d 
1 MBOAT7 AEG  — — —  — — —  — — — 
 RCIU  0.04±0.003  0.04±0.008 0.03±0.006  0.04±0.007 0.03±0.009 0.04±0.010  0.07±0.010 0.04±0.001 0.04±0.006 
2 SUMO3 AEG  0.11±0.009 0.14±0.022 0.11±0.013  — — —  — — — 
 RCIU  — — —  — — —  — — — 
3 APOL1 AEG  — — —  — — —  0.45±0.066 0.50±0.049 0.24±0.026 
 RCIU  — — —  — — —  — — — 
4 DEFB108 AEG  — 0.05±0.006 —  — — —  — — — 
 RCIU  — — —  — — —  — — — 
5 IGLC6 AEG  0.41±0.035 — —  0.07±0.014 — —  0.32±0.026 — — 
 RCIU  — — —  — — —  — — — 
6 IGLC2 AEG  — 0.27±0.041 0.26±0.026  — 1.04±0.162 0.87±0.023  — 2.24±0.290  1.52±0.125 
 RCIU  — — 0.44±0.083  — — 1.18±0.154  — — 2.20±0.360 
7 KRT9 AEG  — 0.08±0.015 0.07±0.014  0.07±0.010 0.04±0.007 0.03±0.006  0.05±0.010 0.04±0.005 0.04±0.008 
 RCIU  — — 0.04±0.005  0.05±0.009 0.05±0.008 0.03±0.005  0.06±0.012 0.04±0.007 0.05±0.008 
8         CCDC51       
fragmento 
AEG  — — —  — — —  0.12±0.014 0.13±0.001 0.09±0.0002 




Tabla% 15.% Intensidad% relativa% de% proteínas% sobrexpresadas% o% subexpresadas% en% RN%
RCIU%y%AEG%de%los%tres%grupos%de%EG.%Los(valores(corresponden(a(la(media(de(intensidades(±(CV((como(porcentaje(de(la(media)(de(cada(spot"derivado(de(las(tres(réplicas(de(cada(gel.(
 














(EG de 29 a 32 s) 
 Grupo 2 
(EG de 33 a 36 s) 
 Grupo 3 
(EG ≥ 37 s) 
0-48h 7-10d 28-30d  0-48h 7-10d 28-30d  0-48h 7-10d 28-30d 
   IR FR IR FR IR FR  IR FR IR FR IR FR  IR FR IR FR IR RF 
9 ALBU AEG 3.03±13.4   2.64±18.8  2.83±20.3   3.38±10.6  1.10±11.6  0.44±17.2   2.14±13.2  2.01±20.6  2.22±15.4  
  RCIU 7.61±17.4 2.51.   2.83±17.4  2.51±11.7   3.32±17.9  2.18±11.2  0.62±15.2   3.06±6.41  4.54±18.4  4.11±10.1  
10 ALBU AEG 1.16±11.2   1.28±19.2  1.20±16.2   1.42±3.79  0.57±13.3  0.26±20.2   0.76±14.6  1.12±12.7  1.00±14.7  
  RCIU 4.54±12.5 3.91.   1.84±10.3  1.22±23.2   1.53±18.1  1.02±10.7  0.34±15.6   1.31±6.91  2.36±7.52  1.90±8.58  
11 ALBU AEG 0.74±11.0   0.74±17.9  0.74±20.9   0.60±13.3  0.37±14.4  0.20±16.7   0.36±20.1  0.87±19.4  0.57±17.1  
  RCIU 2.62±9.85 3.54.   1.17±7.57  0.73±20.4   0.68±20.1  0.71±9.04  0.25±3.54   0.82±15.2  1.33±18.2  0.92±19.1  
12 ALBU AEG 0.37±18.9   0.38±8.99  0.33±11.9   0.22±11.2  0.24±15.3  0.11±10.6   0.26±15.9  0.36±9.67  0.39±8.39  
  RCIU 1.16±12.0 3.13.   0.59±9.41  0.37±20.3   0.26±6.32  0.38±20.8  0.13±1.92   0.36±15.5  0.55±17.7  0.52±17.4  
13 ALBU AEG 0.26±20.4   0.24±10.3  0.18±19.4   0.11±14.2  0.10±3.00  0.11±18.8   0.20±19.5  ----  0.27±19.4  
  RCIU 0.66±13.7 2.53.   0.28±15.6  0.15±19.1   0.14±20.9  0.24±5.22  0.11±16.2   0.23±5.09  ----  ----  
14 GSN AEG 0.18±13.3   0.14±17.9  0.14±14.2   0.09±17.7  0.08±19.2  0.03±6.41   0.25±4.01  0.27±0.08  0.23±10.0  
  RCIU 0.50±17.0 2.77.   0.14±19.2  0.30±15.6   0.17±14.8  0.16±24.6  ----   0.23±16.6  0.19±11.7  0.38±20.1  
15 APOE AEG 0.07±7.23   0.19±18.6  0.18±7.93   0.19±16.6  0.18±8.10  0.17±19.4   0.23±20.3  0.21±18.8  0.20±10.2  
  RCIU 0.29±7.03 3.76.   0.37±13.4  0.38±4.81   0.18±16.3  0.18±13.6  0.16±1.92   0.51±7.33  0.38±5.53  0.36±8.58  
16 KRT10 AEG 0.05±20.4   0.03±8.19  0.04±11.3   ----  0.03±10.2  ----   0.03±18.6  0.04±9.59  0.05±20.9  
  RCIU 0.04±2.73   0.08±16.7 2.66.   0.04±11.9   ----  0.06±20.7  ----   0.04±5.33  ----  0.05±16.5  
17 SLC41A2 AEG 0.07±20.9   0.08±14.1   0.05±15.2   0.05±16.9  0.04±5.89  0.07±15.4   0.13±0.09  0.15±19.5  0.11±18.9  
  RCIU 0.10±5.34   0.10±14.1   0.14±16.8 2.80.    0.06±19.6  0.05±10.0  0.04±2.28   0.13±10.9  0.15±7.84  0.10±9.04  
18 ANAPC2 AEG 0.05±15.3   0.04±9.42   0.03±10.8    ----  0.03±2.74  0.07±17.9   0.13±7.90  0.14±11.1  0.08±10.9  
  RCIU 0.09±13.9   0.10±8.15 2.50.   0.11±5.40 3.66.    0.06±19.5  0.04±18.3  ----   0.11±10.7  0.10±2.05  0.09±19.8  
19 TF AEG 0.04±12.7   0.03±8.20   0.03±13.4    0.03±18.2  0.02±19.2  ----   0.06±3.57  0.03±2.52  0.03±10.0  
  RCIU 0.29±6.84 7.25.   0.08±18.4 2.66.   0.11±17.7 3.66.    0.04±19.3   0.06±11.1 3.00.   0.02±17.8   0.21±9.88 3.50.   0.20±9.61 6.66.   0.26±4.87 8.66.   
20 TF AEG 0.14±15.4   0.06±15.3   0.09±18.1    0.07±15.2   0.06±18.5   0.04±15.3   0.09±19.2   0.04±20.1   0.08±16.8   
  RCIU 0.88±14.5 6.28.   0.32±19.6 5.33.   0.31±0.75 3.44.    0.09±8.81   0.15±15.0 2.50.   0.03±19.8   0.42±7.29 4.66.   0.27±7.01 6.75.   0.18±19.7   
21 FCN2 AEG 0.24±9.88   0.14±15.5   0.21±19.2   0.08±20.0   0.26±18.2   0.20±6.52   0.33±18.3   0.58±14.1   0.50±13.3   
  RCIU 0.11±16.9  0.05±16.5 0.36.   0.23±11.1   0.08±20.2   0.20±17.4   0.18±12.6   0.29±11.8   0.34±13.6   0.37±20.6   
22 APOA1 AEG 1.79±11.4  1.23±20.9  0.86±19.5   0.47±12.3   1.12±15.7   0.49±20.9   1.68±20.5   2.06±7.46   1.93±3.01   
  RCIU 1.21±10.0  0.64±20.1  1.06±5.82   1.18±13.2 2.51.   1.58±20.6   0.79±20.7   1.22±13.6   1.20±20.8   1.27±9.86   
23 UGP2 AEG 0.11±4.67  0.14±20.6  0.08±20.7   0.07±20.2   0.04±11.0   0.07±20.2   0.06±17.0   0.14±1.60   0.07±16.2   
  RCIU 0.10±17.6  0.22±16.7  0.05±5.96   0.05±9.32   0.11±16.6 2.75.   0.04±10.2   0.12±4.33   0.19±2.03   0.07±17.6   
24 SERPIN1 AEG 0.14±9.77  0.18±10.3  0.08±20.9   0.09±16.0   0.10±16.3   0.09±17.9   0.11±19.6   0.08±7.78   0.08±20.6   
  RCIU 0.20±7.01  0.21±10.3  0.10±20.4   0.07±12.2   0.28±10.8 2.80.   0.12±20.8   0.18±5.79   0.18±7.81   0.26±20.1 3.25.   
25 SERPIN1 AEG 0.50±13.8  0.43±17.9  0.17±20.5   0.19±17.5   0.25±1.66   0.07±18.1   0.24±20.2   0.12±5.56   0.10±10.9   
  RCIU 0.50±2.59  0.45±13.6  0.29±17.8   0.16±14.1   0.55±8.06   0.31±18.6 4.42.    0.38±9.09   0.31±10.6 2.58.   0.49±11.2 4.97.   
26 DNAH6 AEG 0.10±10.8  0.25±20.3  0.06±20.8   0.08±8.20   0.10±20.2   0.03±3.71    0.13±15.1   0.18±6.43   0.15±10.7  
  RCIU 0.08±12.8  0.15±3.09  0.05±5.96   0.07±17.8   0.08±3.96   0.09±17.1 3.00.    0.48±9.56 3.83.   0.23±7.88   0.24±6.79  
27 APOH AEG 0.14±9.62  0.24±19.1  0.08±20.5   0.06±20.1   0.07±17.0   0.06±0.50    0.18±20.1   0.32±9.93   0.24±17.8  
  RCIU 0.22±17.3  0.18±20.3  0.14±14.9   0.25±5.02 4.16.   0.19±10.9 2.71.   0.26±13.1 4.33.    0.28±4.41   0.56±7.35   0.16±8.98  
28 VTN AEG 0.12±20.6  0.11±20.1  0.10±20.7   0.58±12.0   0.30±11.8  0.25±16.6    0.62±20.9   0.63±6.90   0.72±19.9  
  RCIU 0.13±14.7  0.11±20.2  0.05±5.96   0.15±18.5 0.26.   0.46±18.9  0.30±3.32    0.58±20.9   0.69±20.2   0.74±19.9  
29 VTN AEG 0.26±20.5  0.26±12.1  0.14±20.6   0.36±8.76   0.25±7.58  0.12±20.4    1.01±14.1   0.88±6.90   0.68±18.9  
  RCIU 0.27±20.1  0.43±11.2  0.22±20.9   0.10±16.1 0.28.   0.32±20.5  0.20±5.77    0.44±19.7   0.69±20.2   0.72±20.9  
30 RAB35 AEG 0.15±20.9  0.25±20.2  0.40±20.1   0.13±20.6  0.23±0.11  1.07±13.6    0.26±20.5   0.63±3.83   0.30±3.44  
  RCIU 0.14±20.8  0.34±11.1  0.23±0.05   0.10±20.2  0.38±18.6  0.39±17.7 0.36.    0.19±18.9   0.21±15.8 0.33.   0.19±9.45  
31 APOH AEG 0.16±18.9  0.15±18.2  0.10±11.6   0.05±20.1  0.19±18.8  0.26±12.2    0.37±2.94   0.37±15.2   0.26±5.97  
  RCIU 0.15±2.16  0.21±20.9  0.08±9.41   0.11±20.8  0.13±12.0  0.09±14.4 0.35.   0.37±13.1   0.47±20.6   0.27±4.27  
32 PRDX2 AEG 0.08±14.6  0.05±11.9  0.02±15.8   0.08±20.6  0.08±20.9  0.03±9.31   0.12±15.9   0.09±8.24   0.09±12.3  
  RCIU 0.08±9.46  0.06±8.02  0.03±0.10   0.05±19.8  0.09±10.5  0.03±20.1   0.34±8.80 2.83.   0.20±6.27   0.08±17.3  
33 FGB AEG 0.09±20.3  0.03±20.1  0.03±6.45   0.15±20.6  0.06±20.8  0.04±20.5   0.33±9.77  0.07±4.71   0.09±14.7  












La( proteína( 2,( identificada( como( pequeño% modificador% relacionado% con% la%
ubiquitina%3%(SUMO3),(con(intensidad(de(débil(a(moderada((0.1120.14(AU),(se(encuentra(exclusivamente(en(el(grupo(de(RN(AEG(“Gran(Prematuro”(en(todos(los(tiempos(de(estudio((nacimiento,(semana(y(mes(de(vida).((
La( proteína" 3,( identificada( como( fragmento% de% apolipoproteína% L1% (APOL1),( de(intensidad(moderada((0.2420.50(AU)(era(claramente(visible(en(los(geles(22DE(obtenidos(de(los(tres(tiempos(de(estudio(en(RN(AEG(“A(término”.(
3.2.2((Proteínas(detectadas(en(ciertos(momentos(a(lo(largo(del(periodo(de(estudio:(
La(proteína"4,(identificada(como(putativa%beta%defensina%(DEFB108A),(de(intensidad(muy(débil( (0.05(AU)( se(detectó(únicamente(a( los(7210(d(de(vida(en(el( grupo(de(RN(AEG(“Gran(prematuro”.(























La"proteína"16,( identificada( como(Keratina,% tipo% I% citoesqueleto% 10% (KRT10)% con(intensidad( débil( (0.08(UA)( se( encontraba( sobreexepresada( a( la( semana( de( vida.( (Figura(11B)(
Otra,( proteína" 17,"miembro% 2% de% la% familia% 41% de% transportadores% de% solutos%
(SLC41A2)% (fragmento),% con( intensidad(moderada( (0.14(UA),( lo( estaba( al(mes(de( vida.((Figura(11C)(




1% (APOAI).( La( segunda(de(éstas( era( la(proteína"23," identificada( como"UTPEglucosaE1EPE
uridiltransferasa%(UPG2),(de(intensidad(moderada((0.11(UA).((Figura(12A2B)(







3.3.1.3( ( RN( RCIU( “A( término”.( En( este( grupo( encontramos( que( la( proteína" 24,"identificada(como(alfaE1Eantitripsina% (SERPIN1),(estaba(sobreexpresada(al(mes(de(vida(con(intensidad(moderada((0.26(UA)(y( la(proteína"25"también(identificada(como"SERPIN1%lo( estaba( a( la( semana( y(mes( de( vida( también( con( intensidad(moderada( (0.3120.49( UA).((Figuras(13B2C)(
Asimismo,(la(proteína"26,"identificada(como(cadena%pesada%6%de%la%dineína%%de%axón"
(DNAH6),( se( encontraba( sobreexpresada( al( nacimiento( con( intensidad(moderada( (0.48(UA).((Figura(13A)(
Finalmente,( dos( proteínas,( la( proteína" 32,( identificada( como( peroxiredosinE2%
(PRDX2)( y( la( proteína" 33,( identificada( como( fibrinógeno% cadena% beta% (FGB),( se(encontraban(sobreexpresadas(al(nacimiento(y(la(semana(de(vida,(respectivamente,(ambas(con(intensidad(moderada((0.3420.19UA),(como(se(muestra(en(las(Figuras(13A2B.(
(
3.3.2((Proteínas(sobreexpresadas(en(todos(los(grupos(de(RN(RCIU:(








Proteína"21," identificada( como( ficolinE2% (FC2),% estaba( subexpresada( en( el( grupo(de(RN(“Gran(prematuro”(a(la(semana(de(vida,(como(se(ilustra(en(la(Figura(11B.(
Proteínas" 28H29," identificadas( ambas( como( vitronectina% (VTN),( lo( estaban( al(nacimiento(en(el(grupo(de(RN(“Prematuro(moderado”,(como(indica(la(Figura(12A.(
Proteína"30,"que(había(sido(identificada(como"proteína%Rab%35%relacionada%con%Ras%
(RAB35),%estaba%subexpresada(al(mes(de(vida(en(el(grupo(de(“Prematuro(moderado”(y(a(la(semana(en(el(del(RN(“A(término”,(como(se(muestra(en(detalle(en(las(Figuras(12C(y(13B.(





































Con( el( fin( de( confirmar( algunos( de( los( resultados( obtenidos( tras( los( análisis(proteómicos( realizados( en( nuestro( estudio,( se( utilizó( la( técnica( de( inmunodetección( o(Western(Blot.(Aplicando(este(método(pretendíamos(comprobar(las(diferencias(detectadas(en( los( niveles( de( expresión( de( algunas( de( las( proteínas( identificadas( en( los( análisis(realizados(en(el(suero(de(RN(RCIU(y(AEG(en( los(diferentes(grupos(de(EG(y(momentos(de(extracción(estudiados.(
El( estudio( proteómico( que( habíamos( realizado(mostraba( que( la( proteína(MBOAT7(estaba(expresada(al(nacimiento,(semana(y(mes(de(vida(en(RN(RCIU(en(los(tres(grupos(de(EG(estudiados.(En(cambio,(esta(proteína(no(se(detectaba(en(el(grupo(de(RN(AEG(en(ningún(momento.( Para( validar( esta( observación( se( realizó( un( experimento( en(minigeles( de( una(dimensión( para( el( que( se( utilizaron( 20( μg,( de( los( mismos( extractos( usados( para( la(Proteómica,(de(la(muestra(de(suero(representativa(para(cada(grupo(de(EG.(Como(muestra(la(Figura(14,(cuando(se(separaron(en(geles(de(poliacrilamida(de(1D(los(sueros(de(RN(RCIU(del( grupo( “Gran( prematuro”,( “Prematuro(moderado”( y( “A( término”,( y( se( incubaron( con(anticuerpos(anti2MBOAT7(se(pudo(confirmar(niveles(mucho(más(elevados(de(MBOAT7(en(los(tres(grupos(de(RN(RCIU(y(en(los(tres(tiempos(de(estudio(de(cada(uno(de(ellos.(Hay(que(señalar(que(MBOAT7(no(estaba(completamente(ausente(en(los(RN(AEG,(aunque(sus(niveles(eran(20,8(veces(mayores(en(los(RN(RCIU.(




reconocían( las( proteínas( SUMO2conjugadas,( mostrando( que( sus( niveles( estaban(disminuidos(de(forma(muy(marcada(en(RN(RCIU(del(grupo(1.(
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1.% % Definición% de% RCIU,% curvas% de% crecimiento,% agrupación% de% pacientes% y%
tamaño%muestral.%
La( American" College" of" Obstetricians" and" Gynecologists66" ( y( el(National" Institute" of"




pequeños.( De( hecho,( estudios( previos( en( humanos(muestran( que( el( RCIU( causado( por(insuficiencia(placentaria,(malnutrición(materna(o(insuficiente(suministro(fetal(de(oxígeno(está(asociado(con(el(desarrollo(de(enfermedad(metabólica(en(la(edad(adulta(debido(a(la(denominada(programación(fetal.132,134((Recientemente,(con(el(fin(de(mejorar(la(definición(de(esta(entidad(e(identificar(los(fetos(pequeños(con(un(peor(resultado(perinatal,(la(SEGO(ha(añadido(otros(parámetros(como(son(el(ICP(y(el(Doppler(de(las(arterias(uterinas,70(para(poder( detectar( los( CIR(menos( severos( secundarios( a( insuficiencia( placentaria( leve( con(Doppler(en(la(AU(normal(y(que(representan(la(casi(totalidad(de(los(CIR(de(inicio(tardío.93(De(forma(arbitraria(los(obstetras(clasifican(como(CIR(de(inicio(tardío(alrededor(de(las(32234(semanas(al(diagnóstico(y(de(las(37(semanas(al(parto.(Esto(coincide(con(los(resultados(de(nuestro(estudio,(pues(en(el(grupo(de(RN(RCIU(a(término,(el(diagnóstico(se(hizo(por(una(detección(en(la(reducción(del(crecimiento(durante(las(últimas(semanas(de(gestación,(no(había( ningún( caso( de( preeclampsia,( entidad( estrechamente( relacionada( con( la(insufuciencia(placentaria(severa(y(el(parto(se(produjo(a( las(37238(semanas(en(todos(los(casos,(frente(a(los(RN(AEG,(nacidos(a(las(40241(semanas.(
Estudios(realizados(en(EEUU,(Canadá,(Europa(y(España(han(mostrado(que(los(datos(de(las(tablas(de(crecimiento,(usadas(para(clasificar(a(los(RN(por(percentil(de(peso,(no(son(extrapolables(de(una(población(a(otra(y(enfatizan( la(necesidad(de(que(cada(comunidad(disponga( de( sus( propios( patrones( de( referencia.( Por( este( motivo,( para( clasificar( a(nuestros(pacientes( se(han(usado( las( curvas(de(Carrascosa,( de( especial( interés( al( haber(sido( realizadas( en( base( a( población( caucásica( española( procedente( de( dos( hospitales(españoles(de(Barcelona(y(Zaragoza.253(






gestacional,( pues( un( neonato( “Gran( prematuro”( no( se( puede( comparar( con( un(“Prematuro(moderado”( o( un( RN( “a( Término”,( dada( la( diferencia( en( su(manejo,( en( las(morbilidades( asociadas,( así( como( en( las( complicaciones( que( estos( pacientes( pueden(presentar(en(la(adolescencia(y(la(edad(adulta.((
Una(limitación(de(este(estudio(es(que(los(RN(“Extremadamente(prematuros”(de(<(29(semanas(de(EG(no(han( sido( incluidos.(Esto(podría( ser( el( tema(de(un(estudio(posterior,(analizar(el(proteoma(de(los(RN(prematuros(más(inmaduros(con(una(mayor(probabilidad(de(complicaciones(tanto(a(corto(como(a((largo(plazo.(
En(nuestra(opinión,(13215(pacientes(por(grupo(son(suficientes(en(un(estudio(piloto(para(mostrar(cambios(significativos(en(la(expresión(proteica.(Debido(a(que(los(pacientes(con(RCIU( frecuentemente(asocian(comorbilidad,(que(podría( interferir(en( los( resultados(del(estudio,(intentamos(controlar(esto(en(la(fase(de(diseño(excluyendo(a(los(pacientes(con(patología( infecciosa( congénita( conocida,( desórdenes( genéticos( y( grandes(malformaciones,(que(podrían(constituir(un(factor(de(confusión.(Sin(embargo,(la(exclusión(de(todos(los(enfermos(con(comorbilidad(asociada(no(sería(representativa(de(la(población(con(RCIU(y,(por(tanto(los(resultados(escasamente(generalizables.(
((
2.%%%Discusión%de%la%metodología.%




Como(se( indica(en(Material(y(Métodos,( los(RN(fueron(agrupados(en( tres(grupos(en(función(de( la(edad(gestacional( (EG).(La(obtención(de(muestras(de( suero(de(cada(RN(se(pautó( en( el( diseño( del( estudio( y( se( realizaron,( coincidiendo( con( las( determinaciones(indicadas(por(su(neonatólogo(asistencial,(con(mínima(injuria(corporal,(en(las(primeras(48(horas( de( vida( (1ª( extracción),( tras( 7210( días( (2ª( extracción)( y( tras( 28230( días( (3ª(extracción).( No( dejamos( un( margen( más( estrecho( para( salvar( los( obstáculos( de( las(extracciones( que( pudieran( coincidir( con( fin( de( semana,( cuando( hay( menos( personal(disponible(y(mayor(dificultad(para(la(extracción.(Tras(obtener(las(muestras(se(realizaron(
pooles( de( cada( tiempo(de(extracción(en( cada(uno(de( los( tres(grupos(de(EG(del( estudio.(Para( ello( se( tuvo( en( cuenta( la( cantidad( de( proteína( de( cada( una( de( las( muestras(individuales(de(suero((N=15,(salvo(en(el(grupo(de(RN(RCIU(Gran( inmaduro,(con(N=13),(tomando(de(cada(una(igual(proporción(para(elaborar(fracciones(representativas((pooles)(antes(de(realizar(el(análisis(22DE.(El(uso(de(pooles(de(muestras(es(una(práctica(común(en(Proteómica(ya(que(su(análisis(ayuda(a(reducir(el(número(de(réplicas(requeridas(así(como(la( desviación( estándar( obtenida( de( muestras( individuales.265( Para( cada( uno( de( estos"
pooles(se(hicieron(tres(réplicas(que(fueron(procesadas(de(forma(independiente(y(paralela,(manteniendo(en(todo(momento(las(mismas(condiciones(en(el(método(para(evitar(con(ello(las(diferencias(interexperimentales.(






disminución( de( proteínas( radica( en( la( tendencia( de( las( proteínas( mayoritarias,( y(especialmente(la(albúmina,(de(unirse(a(otras(proteínas(o(fragmentos(de(éstas,(eliminando(al( mismo( tiempo( otras( proteínas( de( interés.( Técnicas( cromatográficas( más( novedosas(subsanan(algunos(de(los(inconvenientes(que(presenta(la(cromatografía(de(afinidad,(como(la(eliminación(no(deseada(de(proteínas.(Entre(ellas(encontramos( las(que(normalizan(el(rango(dinámico(de(proteínas(en(la(muestra(sin(eliminar(ninguna(de(ellas.(Esto(es(un(gran(avance,(pues(permite(estudiar(todas(las(proteínas(plasmáticas(en(geles(bidimensionales(reproducibles.(Para(ello(se(usó(el(Kit(comercial(ProteoMiner(TM((Protein(Enrichment(Kit((Bio2Rad),( que( emplea( una( biblioteca( combinatoria( de( hexapéptidos( unidos( a( soportes(para(su(uso(en(cromatografía,(en(la(que(cada(uno(de(los(hexapéptidos(se(unirá(sólo(a(una(secuencia(proteica(determinada.(Cuando(se(añade(la(muestra,(la(limitada(capacidad(de(la(columna( hará( que( los( ligandos( específicos( de( las( proteínas( mayoritarias( se( saturen(rápidamente,(permitiendo(que(el(exceso(de(éstas(fluya(a(través(de(la(misma.(En(cambio,(las( proteínas( minoritarias( se( unirán( a( sus( ligandos,( por( lo( que( la( elución( posterior(permite(reducir(de(manera(sustancial(el(intervalo(dinámico(del(conjunto(de(las(proteínas.(La(principal(ventaja(de(este(método(radica,(por( tanto,(no(sólo(en( la(disminución(de( las(proteínas(mayoritarias,(sino(en(el(enriquecimiento(de(las(minoritarias.266((







En( la( bibliografía( se( describe( que( el( parto( por( cesárea( es(más( frecuente( en( fetos(RCIU( reflejando( la( mayor( incidencia( de( enfermedad( materna( de( desórdenes(hipertensivos( del( embarazo( en( este( grupo( neonatos,( y( la( preocupación( por( el(compromiso( fetal.(Así(se(confirma(en(un(estudio(de(seguimiento(realizado(en( la(unidad(de(Neonatología(del(Hospital(Reina(Sofía(en(el(período(200222007(con(un(total(de(250(RN(menores(de(1500(g,(de( los(cuales(el(39,6%(eran(RCIU.(De(éstos(nacieron(por(cesárea(el(85,9%( frente( al(60,3%(de( cesáreas( en(el( grupo(de(RN(AEG(con(p<0,001( (comunicación(oral(al(XXIII(Congreso(de(Neonatología(y(Medicina(Perinatal(de(la(SEN,(Oviedo(2011).267(En(el(presente(estudio,(aunque(nacieron(más(RN(RCIU(por(cesárea(en(los(grupos(de(RN(“Gran( prematuro”( y( “Prematuro( moderado”,( esta( diferencia( no( alcanzó( significación(estadística(probablemente(debido(al(tamaño(muestral(.(
(
Edad%de%la%madre.(
En( el( presente( estudio( no( hubo( diferencias( respecto( a( la( edad( de( la(madre( en(RN(RCIU(vs(AEG.(Clásicamente(se(ha(considerado(la(edad(materna(extrema((<16(y(>(35(años)(como(un( factor(de( riesgo(para( la( restricción(del( crecimiento( fetal.68( Sin( embargo,( debe(destacarse(que( los(resultados(de( las( investigaciones(con(respecto(a( la(mayor( incidencia(de(RCIU(en(madres(añosas(son(dispares.269(
(
Distrés%respiratorio.%






RCIU( de( la( misma( edad( gestacional,( sexo( y( raza( han( descartado( esa( teoría101,102,263,( e(incluso( se(ha( relacionado(el(RCIU( con(mayor( requerimiento(de(oxígeno,( ventilación(no(invasiva(y(desarrollo(de(DBP.272,273(En(el(presente(trabajo(no(observamos(diferencias(en(la( incidencia(de(DR(cuando(se(analizó(por(grupos(de(EG,(siendo(la( incidencia(similar(en(ambos( grupos( de( RN( RCIU( y( AEG.( Lógicamente,( la( EMH( predominaba( como( cuadro(clínico(respiratorio(en(los(grupos(de(RN(prematuros(analizados,(pues(es(una(enfermedad(característica(del(neonato(prematuro(debido(a(su(inmadurez(pulmonar(y(a(la(insuficiente(capacidad( para( producir( surfactante.( En( cambio,( en( los( RN( “A( término”( el( cuadro(respiratorio(más(frecuente(fue(la(TTRN.(%
(
ECN.%




parto(prematuro(antes(de(las(34+6(semanas(de(gestación,(de(forma(que(en(este(proyecto(habían( recibido( corticoides( prenatales( el( 89,3%( de( los( RN( del( grupo( de( RN( “Gran(prematuro”( y( el( 76%( del( grupo( de( “Prematuro( moderado”,( lo( que( supondría( una(protección( para( sufrir( esta( enfermedad( en( este( grupo( de( RN( más( vulnerables,(prematuros(y(RCIU.(
(
HipoxiaEIsquemia.%
Los( fetos( con( RCIU( tienen( mayor( riesgo( de( presentar( asfixia( perinatal( por(insuficiencia( placentaria( e( hipoxia( intrauterina( crónica( y( toleran( peor( la( disminución(transitoria( del( flujo( sanguíneo( placentario( durante( las( contracciones( uterinas( en( el(trabajo(de(parto.65(Comparados(con(los(RN(a(término(de(peso(adecuado,(los(neonatos(con(RCIU( tienen( el( doble( de( incidencia( de( puntaje( <7( a( los( 5( minutos( y( de( pH( en( arteria(umbilical(<7(y(mayor(necesidad(de(maniobras(de(reanimación.(La(población(incluida(en(nuestro( estudio( ha( sido(muy( homogénea( como( se( expone( en( la( Tabla( 5( respecto( a( la(valoración( del( test( de( ( Apgar( al( minuto( y( a( los( 5( minutos( de( vida.( Aunque( cuatro(pacientes(presentaban(un(Apgar(de(4(al(minuto(de(vida,(a(los(5(minutos(todos(tenían(un(Apgar(por(encima(de(7,(siendo(la(media(del(test(de(Apgar(a(los(5(minutos(en(torno(a(9(en(todos(los(grupos(de(estudio.((
(
Hipoglucemia.%






concentraciones(de(glucosa,(insulina,(IGF2I(e(IGF2II(son(más(bajas(en(la(sangre(de(cordón(de(embarazos(con(RCIU(y(existe(un(aumento(de( la(actividad(glucolítica(en(placentas(de(fetos(RCIU(secundaria(a(un(aumento(de(la(expresión(de(los(genes(relacionados(con(este(proceso( que( puede( ser( la( causa( de( la( hipoglucemia( en( estos( RN.18( En( nuestro( estudio(veintiún( pacientes( presentaron( hipoglucemia( en( las( primeras( 24248( horas( de( vida,(aunque( el( 61,9%( eran( RCIU,( la( diferencia( no( alcanzó( significación( estadística( en( el(análisis(global.(Sin(embargo,(al(analizar(por(grupos(de(EG(se(observa(que(la(hipoglucemia(es(significativamente(más( frecuente(en(RN(RCIU(“A( término”.(No(existiendo(diferencias(entre(RN(RCIU( y(AEG( en( los( dos( grupos( de( neonatos( prematuros,( lógicamente( pues( la(hipoglucemia( es( una( complicación( que( se( puede( presentar( en( este( grupo( de( pacientes(por(la(propia(prematuridad.(
(
Paridad.%
Aunque( se( han( relacionado( primiparidad( y( RCIU,( en( este( trabajo( no( hallamos(diferencias(significativas(entre(RN(RCIU(y(AEG(ni(en(el(análisis(global,(ni(por(grupos(de(EG.((
(
Esteroides%prenatales.%
Como(hemos(comentado,(la(administración(de(esteroides(antenatales(es(una(práctica(habitual( en( nuestro( hospital.( No( hubo( diferencias( significativas( en( su( administración(entre(RN(RCIU(y(AEG(de(los(grupos(de(prematuros(en(los(que(estaban(indicados.(
(
Desórdenes%hipertensivos%del%embarazo.%




que(la(descrita(en(la(bibliografía((20230%).275,276(La(preeclampsia(era(preponderante,(al(presentarla( trece(de(ellas.(Al(analizar( la( incidencia(de( los(desórdenes(hipertensivos(del(embarazo(por(grupos(de(edad(gestacional,( se(constató(que( todas( las(madres(afectas(de(preeclampsia( pertenecían( a( ambos( grupos( de( RN( prematuros( (<37s).( Estos( resultados(coinciden( con( los( descritos( en( la( literatura( que( reflejan( la( mayor( frecuencia( de( HTA(materna(en(RN(prematuros(RCIU(frente(a(RN(RCIU(a(término.277(Esto(es(razonable(pues(esta(entidad(compromete(tanto(la(salud(de(la(embarazada(como(la(del(feto,(motivando(la(necesidad(de(finalizar(el(embarazo(antes(de(que(éste(llegue(a(su(término.(En(el(grupo(de(RN(RCIU(“Prematuro(moderado”(la(incidencia(alcanzó(significación(estadística,(mientras(que(en(el(grupo(de(RN(“Gran(prematuro”(aunque(la(diferencia(mostraba(tendencia(hacia(el( RN( RCIU,( ésta( no( alcanzó( significación( estadística,( tal( vez( por( el( menor( número( de(pacientes(con(RCIU(en(este(grupo,(13(frente(a(15.(
%
Oligoamnios.%














Los( RN( con( RCIU( son( más( propensos( a( desarrollar( policitemia( neonatal,( con( una(incidencia( reportada( del( 15217%.( Es(más( común( en( los( casos( de( RCIU( asimétrico( por(encima( de( las( 34( semanas( de( gestación,( pues( la( hipoxia( crónica( aumenta( el( nivel( de(eritropoyetina,( con( el( aumento( consiguiente(de( la(masa( eritrocitaria.65( En( este( trabajo,(sólo( dos( pacientes( RCIU( presentaron( policitemia( (4,65%),( y( uno( precisó(exanguinotransfusión( parcial.( Aunque( la( incidencia( de( policitemia( fue( menor( que( la(reseñada( en( la( literatura,( al( analizar( las( variables( Hto( y( Hb( sus( valores( eran(significativamente( mayores( en( los( RN( con( RCIU( en( los( tres( grupos( de( estudio( en( el(momento( del( nacimiento,( reflejando( el( estímulo( que( la( hipoxia( crónica( supone( para( la(producción(de(eritropoyetina(en(RN(RCIU.(
(
Hemocultivo%positivo.%








Las(mujeres(embarazadas(que( fuman(tienen(mayor(riesgo(de(dar(a( luz(un(neonato(con(RCIU.(Se(ha(visto(una(disminución(del(peso(fetal(dosis2dependiente(con(el(aumento(del( número( de( cigarrillos.284( Los( RN( de(mujeres( que( fuman( durante( todo( el( embarazo(pesan( 223( g( y( miden( 0.94( cm( menos( de( lo( esperado.285( En( nuestro( estudio( hay( una(incidencia(casi(nula(de(tabaquismo(materno(con(sólo(una(madre(fumadora(en(grupo(de(RN(RCIU(“Gran(prematuro”.((
(
Alcohol%y%otras%drogas.%
El(consumo(de(alcohol(en(etapas(tempranas(del(embarazo(puede(llevar(a(Síndrome(alcohólico( fetal,( mientras( que( su( uso( en( el( segundo( o( tercer( trimestre( de( la( gestación(puede( resultar( en( RCIU.( Una( o( dos( bebidas( diarias( ya( pueden( dar( lugar( a( retraso( del(crecimiento.286(Todas( la(madres(que(participaron(en(el( estudio(negaron(el( consumo(de(alcohol(u(otro(tipo(de(droga.(
(
Hipocalcemia.%
Aunque( los( niveles( séricos( de( calcio( pueden( ser( bajos( en( los( RN( con( RCIU,287(fundamentalmente(en(aquellos(que(han(sufrido(asfixia(perinatal(o(bien(son(prematuros,(en(el(presente(estudio(todos(los(pacientes(presentaron(niveles(de(calcio(en(suero(dentro(de(límites(normales(en(los(tres(tiempos(analizados.(
(
PCR.%




vida(en(RN(AEG.(Al(estudiar(esta(variable(por(grupos(de(EG(se(observa(que(esta(diferencia(es( fundamentalmente( a( expensas( del( grupo( de( RN( “A( término”.( Esto( es( así( porque( la(mayor(parte(de(los(RN(AEG(de(este(grupo(ingresaron(procedentes(de(la(maternidad(por(sospecha(de(infección(analítica,(al(presentar(elevación(de(la(PCR(en(la(muestra(de(suero(extraída( por( haber( presentado( la( madre( fiebre( intraparto,( bolsa( rota( >24( horas,( EGB(positivo(parcialmente(tratado,(líquido(fétido(u(otro(signo(sospechoso(de(corioamnionitis(materna.(
(
PMN.%












Es(bien(conocido(que(las(condiciones(adversas(durante(la(vida(intrauterina(pueden(causar( cambios( permanentes( en( la( fisiología( y( el(metabolismo( del( RN,( aumentando( el(riesgo( de( enfermedad( en( la( vida( adulta.293( Debido( a( las( dramáticas( consecuencias( que(pueden(derivar(del(RCIU,(la(búsqueda(de(signos(de(alarma(precoces(se(ha(convertido(en(una( prioridad( para( neonatólogos( y( endocrinólogos.( Con( este( fin,( se( están( combinando(enfoques( convencionales( con( nuevas( metodologías,( incluyendo( las( derivadas( de( las(tecnologías( –ómicas.152( En( el( presente( estudio,( hemos( comparado( el( perfil( proteómico(sérico( de( muestras( de( sangre( venosa( procedentes( de( RN( RCIU( y( AEG,( clasificados( de(acuerdo( a( su( edad( gestacional,( usando( técnicas( 22DE( para( identificar( vía( MALDI2TOF/TOF,(las(proteínas(con(cambios(de(expresión(proteica.(Pensamos(que(estos(cambios(podrían(dar( información( sobre( el(mecanismo( subyacente(del(RCIU(y/o( ser(útiles( como(potenciales(biomarcadores(de(patología(postnatal,(tales(como(HTA,(diabetes(y(obesidad.(




metabólico( en( la( edad( adulta.( Estudios( metabolómicos( muestran( niveles( en( orina( de(mioinositol( y( creatinina(mayores( en( RN( RCIU( comparados( con( AEG,( sugiriendo( que( la(baja( secreción( de( insulina( podría( explicar( el( menor( peso( al( nacimiento( y( el( mayor(catabolismo( lipídico( y( proteico( del( RCIU.171( Otra( –ómica( emergente,( la( Proteómica,(estudia( los( cambios( globales( de( la( expresión( proteica( y( sus( modificaciones(postraduccionales,( permitiendo( descubrir( nuevos( biomarcadores( útiles( para( el(diagnóstico,( tratamiento( y( seguimiento( de( diversas( enfermedades.294( El( proteoma( de(modelos( animales( con( RCIU( ha( sido( estudiado( en( diferentes( órganos.2302239( El( primer(estudio(proteómico(que( valora( el(RCIU( en(un( fluido(humano( fue( el( de(Karamessinis(et"
al.248( que( en( suero( de( cordón( umbilical( de( RN( RCIU( encuentran( modificaciones(postraduccionales( y( menor( glicosilación( y( sialilación( de( fetuína2A.( Posteriormente,(Ceconi( et"al.249(muestran,( en( suero( de( cordón( umbilical( y( líquido( amniótico( de( RN( con(RCIU,( cambios( en( 18( proteínas( implicadas( en( la( coagulación,( la( respuesta( inmune,( la(presión( arterial( y( la( homeostasis( de( hierro( y( cobre.( Un( estudio( realizado( por( Pecks( et"






Por(lo(que(sabemos,(el(presente(estudio(es(el(primero(que(valora(los(cambios(en(el(proteoma( sérico( de( RN( RCIU( estratificados( por( su( edad( gestacional,( en( muestras( de(sangre( extraídas( en( las( primeras( 48( h( de( vida,( a( los( 7210( días( y( a( los( 28230( días( de(vida,2962300( y( no( en( sangre( de( cordón( umbilical( como( en( estudios( previos( en( RN(humanos.248,249,251,252,295((Se(prepararon(pooles(con(el(suero(obtenido(de(RN(de(cada(grupo(de(EG,(de(forma(que(cada(neonato(contribuyó(con(igual(cantidad(de(proteína(a(la(mezcla(antes(de(realizar(el(análisis(22DE.(Para(centrarnos(en(las(proteínas(minoritarias(y(evitar(cualquier(sesgo(a(favor(de(las(lipoproteínas(251,252(usamos(el(Kit(Proteominer((BioRad®)(que(se(basa(en(una(librería(de(hexapéptidos(inmovilizados(en(una(matriz(de(microesferas(como(soporte(cromatográfico.((
Nuestro( estudio( identifica( 26( manchas( de( proteína( en( geles( 22DE( con( expresión(alterada( en(RN(RCIU.(Estas(26(manchas( corresponden(a(18(proteínas,( pues( algunas(de(ellas(forman(los(llamados(“trenes(de(proteínas”,(constituidos(por(una(misma(proteína(con(diferentes( pI,( debido( a(modificaciones( postraduccionales.( Una,(MBOAT7,( fue( detectada(sólo(en(RN(RCIU(pero(no(en(RN(AEG.(Otras(20(estaban(sobreexpresadas(≥2.5(veces(en(RN(RCIU,(incluyendo(5(isoformas(de(ALBU,(una(de(GSN,(KRT10,(SLC41A2,(ANAPC2,(APOA1,(UGP2,(2(isoformas(de(SERPIN1,(una(de(DNAH6,(APOH,(PRDX2,(FGB(y(2(isoformas(de(TF.(Otras( 5( proteínas( estaban( disminuidas( ≤2,5( veces( en( RN( RCIU:( FCN2,( 2( isoformas( de(VTN,(RAB35(y(fragmento(de(APOH.(Otras(7(proteínas(se(detectaron(en(RN(AEG,(estando(por( debajo( del( límite( de( detección( en( RN( RCIU:( SUMO3,( fragmento( de( APOL1,(DEFB108P1,(IGLC6,(IGLC2,(KRT9(y(fragmento(de(CCDC51.(En(total,(33(proteínas(estaban(expresadas(diferencialmente(en(RCIU(comparado(con(AEG.(




subexpresión)(observada(por(el(análisis(proteómico.(La(mayor(sensibilidad(del(Western(blot( frente( al( análisis( 22DE( permitió( cuantificar( las( diferencias( en( las( proteínas(clasificadas(inicialmente(como(presentes/ausentes(en(uno(de(nuestros(grupo(de(estudio.(Así,( MBOAT7,( identificada( como( presente( sólo( en( RCIU( pero( ausente( en( AEG( era( 20.5(veces(más( abundante( en(RCIU,( confirmando( que( la( intensidad( de( este( spot( estaba( por(debajo(del( límite(de(detección(en(RN(AEG.(De( forma( similar,( dos(de( las( siete(proteínas(detectadas( sólo( en( AEG( y( ausentes( en( RCIU,( SUMO3( y( APOL1,( eran( 11.2( y( 13.7( más(abundantes(en(suero(de(RN(AEG,(respectivamente.2982300(
%
4.1%%Significado%biológico%de%las%proteínas%características%de%neonatos%RCIU%y%AEG.%






sobrellevar(el(estado(de(deficiencia(de(PUFA.(Comparado(con(otros(ácidos(grasos(n26,(el(AA( es( transferido( a( través(de( la( placenta(de( forma(preferencial.( Estudios(nutricionales(sugieren(que(la(suplementación(con(AA(mejora(la(función(cognitiva(en(animales(ancianos(y(ayuda(a(protegerlos(contra(una(variedad(de(desórdenes(mentales.(
Entre( los( fosfolípidos( de( membrana( el( PI( es( único( en( su( composición( de( ácidos(grasos,(de(forma(que(la(mayor(parte(de(los(ácidos(grasos(unidos(a(PI(en(posición(sn22(es(el( AA,( mientras( que( otros( fosfolípidos,( como( fosfatidilcolina( (PC)( y( fosfatidil2etalnolamina( (PE),( contienen( varios( PUFA,( incluyendo( ácido( docosahexaenoico( (DHA).(Sin(embargo,(no(está(claro(el(significado(fisiológico(del(enriquecimiento(de(AA(en(el(PI.302(Los(fosfoinosítidos(tienen(un(papel(regulador(clave(en(la(fisiología(celular.(Sus(grupos(de(cabeza( pueden( ser( fosforilados( para( generar( hasta( siete( especies,( cuyas( funciones,(además(de(la(clásica(transducción(de(señales(en(la(superficie(celular,(incluyen(regulación(del( tráfico( de( membranas,( citoesqueleto,( sucesos( nucleares,( permeabilidad( y(transporte.303(Como(el(AA(libre(puede(ejercer(por(sí(mismo(funciones(de(señal,(como(por(ejemplo,( inducir( apoptosis,304( los( niveles(más( elevados( de(MBOAT7( en( neonatos( RCIU(podrían(alterar(los(de(AA(libre(y(por(tanto(la(apoptosis.300(












Serotransferrina" (TF).( Dos( isoformas( de( TF( están( también( sobreexpresadas( en(suero(de(RN(RCIU(de(los(tres(grupos(de(edad(gestacional,(en(los(tres(tiempos(de(estudio(en(los(grupos(de(RN(“Gran(prematuro”(y(“A(término”(y(en(la(determinación(realizada(en(torno(a(la(semana(de(vida(en(el(grupo(de(RN(“Prematuro(moderado”.(Nuestros(resultados(coinciden(con(los(publicados(por(Karamessinis248(que(muestra(sobreexpresión(de(TF(en(suero( de( cordón( umbilical( de( RN( RCIU( comparados( con( AEG.( En( contraste( con( estos(datos(y(con(los(mostrados(en(este(trabajo,(Cecconi249(publica(que(la(TF(está(subexpresada(en( suero( de( cordón( umbilical( de( neonatos( RCIU.( La( TF( también( está( disminuida( en( el(intestino(de(cerdos(recién(nacidos(con(RCIU231(y(en(el(intestino232(y(el(hígado233(de(fetos(RCIU( porcinos.( Si( esto( sucede( en( neonatos( y( fetos( RCIU,( podría( existir( una( relación(inversa( entre( los( niveles( de( TF( en( intestino,( hígado( y( sangre,300( aunque( no( tenemos(prueba(de(ello.((




neurodegenerativos.( Estudios( epidemiológicos( y( experimentales( apoyan( con( fuerza( la(asociación( entre( Fe( y( mayor( riesgo( de( enfermedades( cardiovasculares( y( diabetes,308(ambas(condiciones(adultas(relacionadas(con(RCIU.((
La( sobreexpresión( de( TF( en( suero( de( RN( con( RCIU( podría( interpretarse( de( dos(formas.( 1)(Dado( el( poder( antioxidante( de( la( TF( por( su( capacidad( de( capturar( Fe( libre,(podría(ser(un(mecanismo(de(compensación(en(el(RN(con(RCIU,(sometido(dentro(del(útero(a( una( situación( donde( el( estrés( oxidativo( fisiológico( del( embarazo( se( agrava( por( la(condición( del( RCIU,( como( muestran( los( estudios( de( Karowicz2Bilinska( et" al.309( 2)( La(sobreexpresión(de(la(TF,(que(puede(unirse(a(sus(receptores(de(membrana((TFR21)(para(entrar( en( la( célula,( aumentaría( la( concentración( de( Fe( intracelular.( TFR1( está(sobreexpresado( en( muchos( cánceres,( como( los( de( mama,( pulmón,( vejiga,( leucemia,(linfoma(y(otros.310(Diversos(estudios(muestran(que(la(sobreexpresión(de(TFR21(en(células(cancerosas( conduce( a( un( aumento( del( Fe( lábil( que( puede( ser( tóxico( por( su( capacidad(para( generar( radicales( libres.305( En( el( presente( estudio( no( hemos( analizado( si( la(expresión(de(TFR21(está(aumentada,(lo(que(podría(realizarse(en(estudios(posteriores.(
Varias(publicaciones(muestran(una(conexión(entre(la(homeostasis(alterada(del(Fe(y(el(RCIU:(altos(niveles(de(ferritina(en(suero(materno(se(han(relacionado(con(aumento(del(riesgo(de(RCIU,311(mientras(que(placentas(de(neonatos(con(RCIU(tienen(menos(TFR21.312(







Siete(proteínas(estaban(sobreexpresadas(sólo(al(nacimiento(en(el(grupo(de(RN(RCIU(“Gran( prematuro”.( Entre( ellas( se( encontraban( 5( isoformas( de( Seroalbúmina( (ALBU).(Estas(proteínas(intervienen(en(el(transporte(de(ácidos(biliares,(sales(y(pequeños(aniones(orgánicos,( ácidos( grasos( de( cadena( larga,( esteroles( y( fármacos,( en( la( regulación( de( la(presión(coloidal(y(además(poseen(acción(antioxidante.(También(estaba(sobreexpresada(la(Gelsolina"(GSN),(que(regula(el(ensamblaje(de(los(filamentos(de(actina(en(presencia(de(calcio.315(La(GSN(forma(parte(del(sistema(“secuestrador”,(que(retira( la(actina( libre(en(el(plasma,(amortiguando(su(efecto(potencialmente(dañino.316(La(GSN(está(regulada( in"vivo(por( el( calcio,( que( la( activa( y( por( el( fosfatidilinositolbisfosfato( (PIP2),( presente( en( las(membranas( y( que( secuestra( a( la( gelsolina( en( estado( inactivo.( Por( ello,( la( GSN( puede(activar(o(inhibir(la(apoptosis,(un(proceso(clave(para(el(desarrollo(y(la(homeostasis(de(los(tejidos( en( organismos( pluricelulares,( subrayando( su( importante( papel( en( el( cáncer,( la(enfermedad(cardiaca,(el(daño(pulmonar,(la(amiloidosis,(la(enfermedad(de(Alzheimer(y(el(envejecimiento.317( Respecto( al( cáncer,( numerosos( estudios( han( mostrado( una( acción(importante(de(la(GSN(en(la(supresión(de(algunos(tumores.318,319((





de( los( filamentos( intermedios( del( citoesqueleto,( y( componente( estructural( de( la(epidermis.(Mutaciones(de(esta(proteína(se(asocian(con(diversas(enfermedades(congénitas(de( la( piel,( como( hiperqueratosis( epidermolítica,( ictiosis( anular( epidermolítica( y(eritroderma(ictiosiforme(reticular(congénito.(Se(podría(especular(que(su(sobreexpresión(en(RN( con(RCIU(podría(protegerlos(de( enfermedades( epidérmicas.( La(proteína(2!de! la!
familia! 41! de! transportadores! de! solutos" (SLC41A2),( componente( integral( de( la(membrana(plasmática(donde(forma(un(canal(iónico(que(permite(la(entrada(de(Mg2+(en(las(células,320( implicada( en( su( homeostasis( en( las( células( epiteliales,321( y( también,( la(
subunidad!2! del! complejo! promotor! de! la! anafase"(ANAPC2).( Ésta( constituye( con( la(RING2H2(un(complejo(que(promueve(la(anafase((APC),(etapa(de(la(mitosis/meiosis(donde(los(cromosomas(se(separan.(APC(promueve(la(ubiquitinación(de(diversas(proteínas(para(su( posterior( degradación.( Es(muy( activo( en( la(membrana(presináptica( neuronal( y( está(relacionado( con( su( diferenciación.322( La( importancia( del( Mg2+( en( el( gradiente( iónico(celular(y(en(la(diferenciación(presináptica,(nos(lleva(a(proponer(que(la(sobreexpresión(de(SLC41A2( y(ANAPC2(podría( proteger( el( desarrollo( del( sistema(nervioso( central( en( este(grupo( de( neonatos( con( mayor( riesgo( de( morbilidad( neurológica( debido( a( la(prematuridad(y(al(retraso(del(crecimiento.(
Tres( proteínas( estaban( sobreexpresadas( en( RN( RCIU( “Prematuro( moderado”.( La(






en( placentas( de( mujeres( afectas( de( preeclampsia( en( comparación( con( placentas(normales.326( APOA1( normalmente( se( expresa( en( las( células( placentarias( y( actúa( como(receptor( para( transferir( el( colesterol( al( lado( fetal.( Hay( una( relación( entre( las(concentraciones(elevadas(de(APOA1(y(la(disfunción(endotelial(materna(encontrada(en(la(preeclampsia.327( Por( ello,( la( sobreexpresión( de( APOA1( en( placentas( preeclámpsicas(podría(tener(como(resultado(el(daño(o(la(disfunción(endotelial,(que(se(observan(en(esta(entidad.326(En( relación(con(esto,( conviene(señalar(que(en(el(presente(estudio( la(APOA1(sólo( está( elevada( al( nacimiento( en( RN( RCIU( “Prematuros( moderado”,( en( los( que( fue(significativamente(mayor(el(número(de(mujeres(afectas(de(preeclampsia.((
También( estaba( sobreexpresada( en( los( RN( RCIU( “Prematuro( moderado”( en( la(determinación(hecha(entre( los(7210(días(de(vida( la(UTPTglucosaT1TPTuridiltransferasa"(UGP2),(que(dona(residuos(glicosilos(en(diferentes(vías(metabólicas.(Por(último,(la(betaT
2Tglicoproteína"(APOH),(estaba(sobreexpresada(en(este(grupo(en(los(tres(momentos(en(que( se( realizó( la( determinación.( La( proteína( UPG2( se( une( a( heparina,( fosfolípidos( y(dextran2sulfato(y(previene(la(activación(de(la(vía(intrínseca(de(la(coagulación(por(unión(a(la(superficie(de(células(dañadas.(La(unión(de(APOH(a(los(fosfolípidos(es(la(principal(diana(antigénica( para( los( anticuerpos( antifosfolípido( en( pacientes( con( síndrome(antifosfolipídico( habiéndose( demostrado( su( participación( en( la( activación( del(plasminógeno328.( APOH( forma( complejos( con( las( lipoproteínas( LDL( oxidadas,(subproductos( metabólicos( comunes( relevantes( para( la( arterioesclerosis( y( factor( de(riesgo( significativo( para( las( complicaciones( aterotrombóticas( en( pacientes(autoinmunes.329( Además,( APOH( ha( sido( recientemente( propuesta( como( marcador( de(infarto(cerebral.330(




motor(en(los(microtúbulos.(La(dineína(permite(que(los(microtúbulos(de(cilios(y(flagelos(se(deslicen(entre(ellos(durante(el(batido(de(estos(orgánulos;(además(transporta(a(través(de(los(microtúbulos(diversas(cargas,(como(orgánulos(y(vesículas,(del(centro(de(una(célula(hasta( su( periferia.( Otras( dos( proteínas( sobreexpresadas( en( RN( RCIU( “Prematuro(moderado”(y(“A(término”(son(isoformas(de(una(misma(proteína(identificada(como(alfaT1!






Los(RN(RCIU(del(grupo(de(RN(“A(término”(también(sobreexpresaban(en(las(primeras(48(horas(de(vida( la(peroxiredoxinaT2"(PRDX2).(Esta(proteína(pertenece(a( la( familia(de(las( peroxidasas( que( puede( reducir( una( amplia( gama( de( peróxidos,( incluyendo( los(hidroperóxidos(tóxicos(de(los(fosfolípidos,(regula(el(recambio(fosfolipídico(y(protege(a(las(células(del(daño(oxidativo.347,348(Niveles(aumentados(de(estas(enzimas(protegen(contra(la(apoptosis.(Así,( los(cultivos(celulares(que(sobreexpresan(PRDX2(son(más(resistentes(a( la(apoptosis( causada( por( eliminación( del( suero( del(medio( de( cultivo,( o( por( exposición( a(H2O2,(ceramida(y(etopóxido.349(La(sobreexpresión(de(PRDX1(y(PRDX2(también(protege(a(las( células( tiroideas( de( la( apoptosis( inducida( por( H2O2..350( PRDX2( y( otras( defensas(antioxidantes( están( sobreexpresadas( en( el( intestino( delgado( de( cerdos( RCIU( recién(nacidos( para( proteger( este( órgano( comprometido.232( PRDX2( y( PRDX3( están(subexpresadas(en(placentas(de(mujeres(con(preeclampsia,(resaltando(la(importancia(del(estrés(oxidativo(en(el(desarrollo(de(la(preeclampsia,(transtorno(muy(unido(al(RCIU.326(En(este(grupo(de(RN(también(está(sobreexpresada(la(cadena!beta!del!fibrinógeno"(FGB),(en(concreto(a( los(7210(días(de(vida.(En(este(caso,(nuestros(resultados(coinciden(con(los(de(Cecconi249( que( encuentra( sobreexpresada( la( FGB( en( suero( de( cordón( umbilical( y( en(líquido( amniótico( de( RN( con( RCIU.( La( FGB( es( una( proteína( bifuncional( que( produce(monómeros(que(polimerizan(en(fibrina(y(son(un(cofactor(para(la(agregación(plaquetaria.(Esta( proteína( está( fuerte( e( independientemente( relacionada( con( el( riesgo(cardiovascular.351(Muchos(estudios(han(relacionado( los(niveles(elevados(de( fibrinógeno(como( factor( de( riesgo( cardiovascular.352( Los( RN( RCIU( tienen( un( estado( protrombótico(debido( a( sus( niveles( alterados( del( inhibidor( del( activador( del( plasminógeno( (PAI).353(Dicho( estado( se( podría( iniciar( por( la( inducción( de( la( FGB( una( semana( después( del(nacimiento.300!




subexpresada(en(sueros(extraídos(sólo(a(los(7210(días(en(RN(RCIU(“Grandes(prematuros”,(no(habiendo(diferencias(entre(RN(RCIU(y(AEG(en(los(otros(tiempos(y(grupos(de(estudio.(El(RCIU( se( asocia( con(una(baja( inmunocompetencia( y( un( alto( riesgo(de( infecciones.( La(ficolina( es( un( importante( mediador( de( la( inmunidad( innata.( Otros( autores354( han(investigado( las( concentraciones( de( ficolina( mediante( ELISA( en( muestras( de( sangre(arteriovenosa( de( cordón( umbilical( en( RN( a( término( con( RCIU( y( AEG,( no( encontrando(diferencias,(al(igual(que(ocurrió(en(nuestro(trabajo(en(el(resto(de(los(tiempos(y(grupos(de(estudio.(
Dos(isoformas(de(vitronectina!(VTN),(están(subexpresadas(en(las(primeras(48(horas(en( el( grupo( de( RN( RCIU( “Prematuro(moderado”.( Ésta( glicoproteína( interactúa( con( los(glicosamino2(y(los(proteoglicanos;(es(reconocida(por(las(integrinas(y(sirve(como(molécula(de( adhesión( a( las( células.( Se( especula( que( está( implicada( en( la( hemostasis355( y( la(malignización(de( tumores.356(Por(otra(parte,( la(proteína!relacionada!con!Ras!Rab!35,(subexpresada(en(RN(“Prematuro(moderado”(y(RN(“A(término”(a(la(semana(y(mes(de(vida,(respectivamente,( regula( el( tráfico( de( membranas( intracelular,( desde( la( formación( de(vesículas( de( transporte( hasta( su( fusión( con(membranas,( una( función(muy( relacionada(con( la( de( DNAH6.( La( disminución( de( la( betaT2TglicoproteínaT1! (fragmento)! en( RN(“Prematuro( moderado”( podría( estar( relacionada( con( el( aumento( paralelo( de( beta222glicoproteína21(intacta((APOH).300(






modifica(otras(proteínas( covalentemente( en( el( proceso(de( sumoilación( implicado(en( el(ciclo(celular,(en(la(regulación(transcripcional,(el(transporte(intracelular,(la(reparación(del(ADN( y( de( la( cromatina,( la( dinámica( del( cromosoma,( la( apoptosis( y( la( biogénesis( del(ribosoma,( regulando( también( la( localización( y( actividad(proteínica.357( SUMO3(aumenta(tras( el( choque( térmico( o( estrés( oxidativo.358( Varias! enfermedades,( incluyendo(infecciones,( cáncer( y( algunos( desórdenes( neurodegenerativos( están( asociados( con(alteraciones( en( la( SUMOilación.357( La( expresión( de( SUMO3( sólo( en( RN( AEG( del( grupo(“Gran(prematuro”(podría(derivar(del(estrés(provocado(por(el(parto(prematuro((29232s).(La( ausencia( de( SUMO3( en( neonatos( RCIU( de( este( grupo( podría( indicar( una( menor(respuesta(al(estrés,(o(una(elevación(precoz(de(SUMO3(desencadenada(por(el(RCIU(y(una(subsecuente(disminución(por(debajo(de(nuestros(límites(de(detección.300(Esta(distinción(se( podría( haber( hecho( de( haber( incluido( en( el( estudio( pacientes( “Extremadamente(prematuros”(con(RCIU((<29s),(aunque(esto(fue(descartado.(Los(niveles(indetectables(de(SUMO3(en(el(resto(de(grupos(de(RN(AEG(y(en(RN(RCIU(sigue(sin(explicación.!
Durante( el( embarazo( la( desregulación( de( la( apolipoproteína! L! 1( (APOL1),( un(componente( menor( de( las( HDL( implicado( en( el( metabolismo( del( colesterol( y( de( las(lipoproteínas,(se(asocia(con(el(retraso(del(crecimiento(fetal,(la(preeclampsia(y(el(inicio(de(la(arteriosclerosis(del(adulto.359(La(expresión(de(APOL1(en(RN(“A(término”(AEG(en(todos(los(momentos(de(extracción,(y(su(ausencia(en(edades(gestacionales(más(tempranas(y(en(los( tres(grupos(de(RCIU(requiere(explicación,(y( también(podría(ser(objeto(de(un( futuro(estudio.!

























































1. Este( estudio( es( el( primero( en( analizar( cambios( en( el( proteoma( sérico( de( RN( RCIU(estratificados(por(edad(gestacional(a(distintos(tiempos(tras(el(nacimiento.(
2. Comparados(con(los(RN(AEG(los(RCIU(tienen(cambios(significativos,(en( los(grupos(de(edad(gestacional(y(los(tiempos(de(determinación,(en(la(expresión(de(33(proteínas.(
3. Veintiséis( de( ellas(muestran( cambios(de( expresión( en( suero(de(RN(RCIU;( otras( siete(son(indetectables(en(este(grupo(mediante(la(técnica(22DE.(
4. La(transferencia(Western(confirma(que(las(proteínas(indetectables(en(RN(RCIU(o(AEG(muestran(niveles(inferiores(al(límite(de(detección(de(la(22DE.((




6. (Frente( a( los( RN( AEG,( los( RCIU( muestran( menor( expresión( de( varias( proteínas(implicadas(en(la(inmunidad(celular(y(humoral,(reflejando(un(retraso(en(el(desarrollo(de(su(sistema(inmune.(





















































































1.(Introducción%o%motivación%de%la%tesis.(La(restricción(del(crecimiento(intrauterino((RCIU),(segunda(causa(de(morbi2mortalidad(perinatal,( es( una( causa( importante( de( parto( prematuro( y( se( asocia( al( aumento( de(morbilidad( y( anomalías( metabólicas( en( la( edad( adulta.( Entre( 30( y( 50%( de( los( RN(prematuros( son( pequeños( para( la( edad( gestacional( (EG),( y( tienen( un( riesgo( mayor( de(retraso( del( crecimiento( y( del( desarrollo( postnatal( frente( a( sus( congéneres( de( peso(adecuado.( Esto( justifica( la( búsqueda( de( signos( precoces( de( alarma( que( faciliten( la(comprensión(y(el(manejo(de(esta(patología.(El( enfoque(proteómico(podría(ayudarnos(en(este( sentido.( Los( efectos( a( corto( y( largo( plazo( del( RCIU( en( diferentes( organismos( se( ha(estudiado( ampliamente( en( modelos( animales( usando( técnicas( proteómicas,( pero( son(escasos(los(estudios(publicados(del(proteoma(sérico(humano(en(RN(con(RCIU.((
%




grupos(de(EG.(Otra,(subunidad"2"del"complejo"promotor"de"la"anafase"(ANPC2),(relacionada(con(la(diferenciación(neuronal,(está(sobreexpresada(sólo(en(los(RN(“Gran(prematuro”.(Las(restantes(proteínas(identificadas(intervienen(en(el(transporte,(la(coagulación(sanguínea,(la(protección( antioxidante,( la( respuesta( inmune,( el( citoesqueleto,( el( metabolismo( y( la(proteólisis.( La( hibridación(Western( confirma( la( identificación( de( 3( proteínas:(MBOAT( 7(sube(20,5(veces(en(RCIU,(SUMO3(sube(11,2(veces(en(AEG,(y(APOL1(sube(13,7(veces(en(AEG.((
3.%Conclusión%Hay(diferencias(de(expresión(proteica(entre(los(grupos(de(RN(RCIU(y(AEG(a(diferentes(edades( gestacionales( y( en( los( diferentes( tiempos( de( muestreo.( La( sobreexpresión( de(MBOAT(7(en(RN(RCIU(en(todos(los(momentos(del(estudio(y(grupos(de(edad(gestacional,(la(sobreexpresión(de(TF(en(todos(los(grupos(de(RN(RCIU(y(la(de(ANAPC2(en(el(grupo(de(RN(RCIU(“Gran(prematuro”,(podría(estar(relacionada(con(mecanismos(de(defensa(o(adaptación(para(preservar(el(desarrollo((cerebral(de(un(ambiente(fetal(adverso.(((
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CONSENTIMIENTO%INFORMADO%–%INFORMACIÓN%AL%PACIENTE%(Antes( de( proceder( a( la( firma( de( este( consentimiento( informado,( lea( atentamente( la(información( que( a( continuación( se( le( facilita( y( realice( las( preguntas( que( considere(oportunas.((
Naturaleza:% El( Retraso( de( Crecimiento( Intrauterino( constituye( un( problema( de( salud(importante,(tanto(por(su(frecuencia,(como(por(la(mortalidad(y(morbilidad,(a(corto(como(a(largo( plazo,( que( lleva( asociada.( En( el( período( neonatal( estos( niños( sufren( más(complicaciones( que( los( niños( nacidos( con( peso( adecuado,( algunas( de( ellas( muy( graves(como( la( enterocolitis( necrotizante,( aspiración( de( meconio,( hemorragia( pulmonar,(policitemia,(etc.(Durante( la( infancia(es(más(frecuente(que(estos(niños(sufran(alteraciones(en( el( neurodesarrollo.( Y( en( la( edad( adulta( son( más( propensos( a( desarrollar( diabetes,(enfermedades(cardiovasculares(y(osteoporosis.((
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Intrauterine growth restriction (IUGR) is associated with increased morbidity and metabolic
anomalies in adults. The serum proteome of venous blood was compared in 43 IUGR and 45
adequate gestational age (AGA) infants, separated into three gestational age groups, “Very
Preterm” 29–32 weeks, “Moderate Preterm” 33–36 w, and, “Term” ≥37 weeks, in samples
drawn three times from birth to 1 month of life. After depleting the abundant serum proteins
(ProteoMinerTM), expression changes were studied by 2-DE, image analysis (Proteomweaver
4.0TM), and identification byMALDI-TOF/TOF. Significant expression differenceswere found in
thirty-four proteins, and thirty-three were identified. Lysophospholipid acyltransferase 7
(MBOAT7), was detected exclusively in IUGR of all gestational ages and sampling times; seven
other proteins were found only in AGA. Another twenty-five proteins had intensity changes
≥2.5 folds in IUGR: twentywere upregulated and five downregulated.Western blots confirmed
the identification of several proteins: MBOAT7 increased 20.5-fold in IUGR, while AGA had
11.2-fold higher levels of SUMO3 and sumoylated proteins and 13.7-fold higher levels of
APOL1. Upregulation of MBOAT7 in IUGR neonates could be an adaptive response to protect
the brain from an adverse environment.
Biological significance
There are significant protein expression differences between IUGR and AGA at different
gestational age groups and blood extraction times. The extensive upregulation of
lysophospholipid acyltransferase 7 in all IUGR gestational ages and extraction times
might be an adaptative response to an adverse fetal environment, reminiscent of Barker's
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gestational ages. Just at birth “Very Preterm” IUGR showed nine upregulated proteins,
including five albumins, apolipoprotein E, keratin type I cytoskeletal 10, solute carrier
family member 2 fragment, and anaphase-promoting complex subunit 2.
© 2015 Elsevier B.V. All rights reserved.
1. Introduction
Intrauterine Growth Restriction (IUGR) is defined as the inability
of a fetus to reach his/her intrinsic or genetic growth potential
[1,2]. From a practical and epidemiological point of view, an
infant is considered IUGR if its body weight at birth is below the
10th centile for its gestational age, after taking into account both
ethnicity and environment [3]. This definition does not distin-
guish infants lacking an hypoxic–ischemic compromise (normal
fetus small for its gestational age, SGA) from those with altered
placental function, identified by abnormal Doppler of the
umbilical artery, or decreased growth rate (IUGR) (Spanish
Society of Gynecology and Obstetrics 2009) [4]. A decreased
fetal growth rate is not itself pathological, but rather an
adaptation to an unfavorable intrauterine environment. This
condition can lead to permanent disorders in metabolism,
growth, and development [1,2]. IUGR has many causes that
have placental, maternal or fetal origins. The most frequent
cause is placental insufficiency [5], either idiopathic or related to
maternal diseases that decrease utero-placental blood flow.
After prematurity, IUGR is the second most common cause
of perinatal mortality andmorbidity [1]. Thirty to fifty per cent
of “Extremely Preterm” neonates are SGA and have an
increased risk of growth retardation and slow postnatal
development [2,6,7]; the long-term morbidity of IUGR should
not be ignored either. These infants continue to present
deficits throughout their childhood, both in growth and in
neural development. Nearly 10% of IUGR will remain 2 SD
below average height throughout childhood, adolescence and
adult life [8]. IUGR cases secondary to maternal malnutrition,
utero-placental insufficiency or deficient fetal oxygen supply,
among other causes, have been associated with the develop-
ment of metabolic syndrome in adults [9–12], and a greater
incidence of renal diseases [13–15].
In view of the dramatic consequences of IUGR, the search for
early signs of this clinical condition has become a key driving
force for many neonatologists. Conventional approaches are
being combined with new methodologies, including those
employing -omic approaches [16]. Recent studies show altered
protein metabolism and different protein requirements in IUGR
compared with AGA infants, in direct relationship to their
gestational ages (GA). Although the serum amino acid profile is
known for AGA and IUGR infants [17], the identity of all serum
proteins in IUGR, i.e., their serum proteome, is largely unknown.
Nevertheless,model studies in piglets and rats showed that IUGR
affects the proteome of the small bowel, liver, skeletal muscle,
pancreas and kidney [18–22]. Metabolomics detected higher
myoinositol and creatinine levels in the urine of IUGR compared
with AGA, suggesting that a diminished insulin secretion could
explain the lower birth weight and higher lipid and protein
catabolismof IUGR [23]. The first proteomic study assessing IUGR
in human fluids was that of Karamessinis et al. [24] who found
post-translational modifications in umbilical cord serum of IUGR
infants, and decreased fetuin-A glycosylation and sialylation,
associated with growth deficiency, especially in osteogenesis
[24]. Later, Ceconi et al. reported protein alterations in IUGR
umbilical cord serum and amniotic fluid [25], affecting proteins
involved in coagulation, the immune response, blood pressure
and iron and copper homeostasis. In umbilical cord blood sera
of 15 IUGR and 15 AGA newborns fractionated by hydrophobic
interactions, the six best differentiating ion signals obtained by
MALDI-TOF profiling were assigned as IUGR proteome signa-
ture, proposing apolipoprotein C-III0 as potential key marker
[26]. Mass spectrometric profiling is confirmatory to clinical
surveillance with the potential to identify neonates with IUGR
postnatally [27].
The present work was aimed to systematically analyze and
identify significant serum proteome changes in venous blood
samples drawn from birth to onemonth of life in IUGR and AGA
infants, stratified by their GA. The expression of thirty four
proteinswas altered in the proteomes of IUGR compared toAGA.
Thirty-three of these proteins were unambiguously identified
via MALDI-TOF/TOF analysis and the identities of several of
them were confirmed by Western blot. The differential expres-
sion of these proteins in the serum of IUGR neonates could, if
adequately validated, serve as early-warning biomarkers of a
condition associated with increased morbidity and metabolic
anomalies in adult life.
2. Materials and methods
2.1. Study design
A prospective study with consecutive sampling was carried out
jointly at the Neonatology Unit/Pediatric Endocrinology Section
and the Pediatrics Service, Reina Sofía University Hospital
(RSUH) of Córdoba, and the Experimental Unit Córdoba District
(EUCD), both of the Andalusian Health Service (AHS), and the
Department of Biochemistry and Molecular Biology, University
of Córdoba (DBMB-UCO). Infants were selected and venous
blood samples were drawn at the RSUH, and proteomic
analyses were carried out at the EUCD and the DBMB-UCO.
Neonates admitted to the RSUH Neonatology Unit were
eligible to participate, and their potential assignment to the
study or control groups was determined by their weight
percentile at birth. The study was approved by the RSUH Ethics
and Research Committee, following the basic principles
established in the Helsinki Declaration (1964), the Council of
Europe Convention on human rights and biomedicine (1997),
the UNESCO Universal Declaration on human genome and
human rights, and the Spanish legislative requirements for
medical research, personal data protection and bioethics, and
the Spanish law 14/2007 (July) for Biomedical Research. In all
cases, a written informed consent was obtained from the
father/mother or legal guardian.












The study included 43 IUGR neonates, defined by having a
birth weight <10th centile for gestational age (GA), according
to Carrascosa curves [28], together with echographic evidence
of altered placental function, identified as an abnormal
Doppler of the umbilical artery, or reduced growth rate
(criteria from the Spanish Society of Gynecology and Obstet-
rics 2009) [4]. Also included were 45 infants with a birth weight
appropriate for their gestational age (AGA), paired for sex and
GA, admitted to the RSUH Neonatology Unit.
Infants were classified into 3 groups by their GA: “Very
Preterm” group 1 included infants with GA from 29 to 32 weeks;
“Moderate Preterm” group 2 infants with GA from 33 to
36 weeks; and, “Term” group 3 infants with GA ≥37 weeks.
Eachof these groups included15 IUGRand 15AGA, except group
1 with only 13 IUGR and 15 AGA. Neonates with known
congenital infections, genetic abnormalities and congenital
malformations or syndromes with an unknown genetic defect
were excluded.
Coincident with routine clinical testing, three venous
blood samples, 0.5 mL each, were drawn with minimal body
injury from each neonate. They were obtained three times: 24
to 48 h, 7 to 10 days, and 28 to 30 days after birth. Samples
were drawn into Vacutainer® SST (BD) tubes, allowed to clot
in the cold for 30 min, and subsequently centrifuged at
1500 × g for 10 min at 4 °C. Within 60 min of drawing, the
serum was distributed into aliquots and frozen at −80 °C for
later analysis.
2.3. Two-dimensional gel electrophoresis
Abundant serumproteinsweredepleted using the ProteoMiner-
TMkit (Bio-Rad®),whichdepletes high-abundance proteins via a
highly diverse bead-based library of combinatorial peptides
while enriching proteins of medium- and low-abundance,
without immunodepletion. The sera were then treated with
the 2-D Clean-Up Kit (GE Healthcare) following the
manufacturer's instructions. The total protein in each sample
was quantified by the Bradford method [29], so that each
newborn would contribute an equal amount of protein to the
pooled sera. To assess reproducibility, three replicates were
made per study group.
The 1st dimension separation (isoelectrofocusing, IEF) was
carried out in a PROTEAN® IEF Cell (Bio-Rad®). Immobiline
DryStrips (11 cm, pH 4–7, GEHealthcare)were loadedwith 30 μg
protein dissolved in 250 μl of rehydration buffer (8 M urea; 0.5%
Ampholine pH 3.5–10; 2% CHAPS with traces of bromophenol
blue). IEF was carried out at 20 °C at increasing voltages: 50 V
(6 h), 500, 1000, and 3000 V (60 min each), 6000 V (120 min) and
6000 V, until a total of 16,000 V/h was attained [30].
Separation in the 2nd dimension (SDS-PAGE) was carried
out in a Criterion® DodecaTM Cell (Bio-Rad ®). The immobiline
DryStrips were first soaked for 20 min in equilibration buffer
(50 mM Tris–HCl, pH 8.8; 6 M urea; 30% glycerol; 2% SDS with
traces of bromophenol blue) to which 10 mg/mL dithiothreitol
was added to reduce the disulfide bonds. The –SH groups were
then blocked for 25 min with the equilibration buffer contain-
ing 45 mg/mL iodoacetamide. Then, the DryStrips were
loaded over 1 mm thick 12.5% SDS-PAGE gels together with
Mr markers. Electrophoresis took place initially at 2.5 W/gel
(5 min) followed by 60 min at 200 W. Gels were fixed for 30 min
by gently shaking in the dark with 50% ethanol plus 3% acetic
acid. The gels were stained with SYPRO-Ruby (Bio-Rad®),
digitalized in an FX Imager (Bio-Rad®) laser-scanner, and
analyzed with ProteomweaverTM 2-D analysis software v4.0
(Bio-Rad®).
To compensate for differences between gels due to
staining efficiency, a linear regression model was used to
find a curve in the dispersion diagram minimizing the
distance to every point and allowing a normalization factor
to be calculated for every spot. All fulfilling such criteria were
manually revised to determine whether the correspondences
of gels from each group, and from different groups, were
adequate, editing and correcting them if needed. Data were
analyzed with Student's t-test, and spots giving significant
results (p < 0.05) were verified visually to exclude artifacts.
A spot was considered present in a study group if it was
found in the three replicates with an intensity variation
coefficient ≤20%, and absent if it was undetectable in any of
the three replicates. A spot was up or down-regulated when its
relative intensity was 2.5-fold over or below the intensity of the
reference gels, respectively; spots not present in at least two of
the three replicates of each group and with an intensity
variation coefficient ≤20% and p < 0.05 were discarded. Detec-
tion parameters for image analysis were: minimal radius, 4;
minimal intensity, 2000; minimal contrast, 10.
2.4. MALDI-TOF/TOF mass spectrometry and
protein identification
Spots fulfilling the above criteria were excised in a ProPic
station (Digilab, UK), trypsin digested, and loaded onto the
MALDI plate, using a ProPrep II station (Digilab, UK). First, the
gel plugs were destained twice over 30 min at 37 °C with
200 mM ammonium bicarbonate/40% acetonitrile; gel plugs
were then subjected to three dehydration/rehydration cycles
with pure acetonitrile and 25 mM ammonium bicarbonate in
50% acetonitrile, respectively, dehydrated for 5 min with pure
acetonitrile, and, finally, dried out over 4 h at room temper-
ature. Then, 20 μl of modified porcine trypsin (sequencing
grade; Promega), at 12.5 ng/μl in 25 mM ammonium bicarbon-
ate was added to the dry gel plugs and the digestion carried
out at 37 °C for 12 h. Peptides were extracted from the gel
plugs with 1 μl 10% (v/v) trifluoracetic acid incubating
for 15 min. Then, the spots were desalted and concentrated
in μC-18 ZipTip columns (Millipore), mixed with α-cyano
hydroxycinnamic acid, and loaded onto the MALDI plate.
Peptide mass spectrometry analysis (MS) were carried out
in a MALDI-TOF/TOF (4800 Proteomics Analyzer, Applied
Biosystems) apparatus in the m/z range 800 to 4000, with an
accelerating voltage of 20 kV. Spectra were internally calibrated
with some peptides from trypsin autolysis (M + H+ = 842.509
and 2211.104). The most abundant peptide ions were then
subjected to fragmentation analysis, providing information
useful to determine the peptide sequence, first by peptide
mass fingerprint and, later, by TOF/TOF fragmentation. The
Mascot 2.0 search engine (Matrix Science Ltd) was used
for protein identification running on GPS Explorer™ software
v3.5 (Applied Biosystems) over the UNIPROT protein database











(monthly updated). Search settings allowed onemissed cleavage
with trypsin, a MS/MS fragment tolerance of 0.2 Da, a precursor
mass tolerance of 100 ppm, and Cys carbamido-methylation and
Met oxidation as possible modifications. Protein scores were
calculatedby summationof thehighest ions score [−10 log (P)] for
each distinct sequence. P is the probability that the observed
match ion is a random event. Protein scores with significance
threshold p < 0.05 were assigned a positive identification after
considering their Mr and pI values.
2.5. Protein validation by Western blot analysis
Protein samples (20 μgof the extractsused for Proteomics, diluted
1:1 in 2× Laemmli buffer) andmarkerswere loadedand separated
on 12% (APOL1) or 4–15% (SUMO3 and MBOAT7) Mini-Protean®
TGX Stain-Free™ precast gels (BioRad). After SDS-PAGE electro-
phoresis (Mini Protean tetra-Cell, Bio-Rad), the gels were
UV-activated. The proteins were then transferred to PVDF
membranes with the Trans-Blot® Turbo™ Transfer System
(BioRad) and the membranes blocked with iBind™ Solution
(Novex®). Then, the PVDF membranes were rinsed briefly in
distilled water and the image of transferred proteins was
digitalizedbyChemiDoc™MP ImagingSystem(Bio-Rad) to assess
the quality of the transference. Images indicating the total
amount of protein per lane were used to normalize the intensity
of the luminescence observed after incubating the membrane
with the corresponding primary and secondary antibodies [31].
Primary polyclonal antibodies anti-APOL1, anti-SUMO3 and
anti-MBOAT7 were obtained from Thermo Scientific and the
secondary anti-rabbit antibody from Sigma (A9169). Primary
(1:300) and secondary (1:2000) antibody incubations and wash
steps were carried out using the iBind™ Western System
(Novex®). Blots were developed using the Clarity™Western ECL
Detection System (BioRad). Image captures and densitometric
analyseswere performedwith theChemiDocMP Imaging system
and ImageLab 4.1 software (BioRad), respectively.
2.6. Statistical analysis
Comparison of variables between IUGR and AGA groups was
carried out using Student's t-test. The p < 0.05 value was
established as statistically significant. The statistics program
SigmaStat 5.1 was used throughout the study.
3. Results
Table 1 shows the demographic data of the AGA and IUGR
groups. Allwere homogeneous in relation to gender distribution
and Apgar test score. Significant differences in weight, height
and head circumference at birth existed between IUGRs and
AGAs of the “Very Preterm” and “Term” groups, while birth
weight was the only significant difference in the “Moderate
Preterm” group. There were no differences in delivery mode
(vaginal or cesarean) between “Very Preterm” or “Term”, while
cesarean predominated in “Moderate Preterm”.
Image analysis detected 661 ± 58 and 694 ± 72 spots in
IUGR and AGA, respectively, with a 95% average match rate.
Eight proteins were exclusively detected in either IUGR or
AGA; Fig. 1 shows a representative 2-DE gel from AGA. Protein
1 (triangle), undetectable in gels from AGA, was only found in
the IUGR of every group and blood extraction time. This is
shown in the upper part of Suppl. Data Fig. 1 with zoomed-in
regions cut from gels from IUGR of each GA group; protein 1
was visible also in 3D views cut from gel images of IUGR, as
shown at the bottom part of this figure. In contrast, seven
other proteins were detected only in AGA, as shown with
circles in Fig. 1, but not in IUGR.
In addition to proteins present/absent in only one con-
dition, intensity changes ≥2.5-fold were found in another
twenty-five spots in IUGR. Fig. 2 shows a representative 2-DE
gel: the red circles mark twenty upregulated spots, and green
circles other five downregulated spots. Detailed changes of
these twenty-five proteins are included in Suppl. Data Figs.
2–4. They appeared in different GA groups: In “Very Preterm”
(Suppl. Data Fig. 2), nine proteins were upregulated just after
birth; five after seven days and four after one month. In
“Moderate Preterm” (Suppl. Data Fig. 3), four proteins were
altered just after birth, five upregulated after one week, and
five altered after one month. Finally, in “Term” (Suppl. Data
Fig. 4) four proteins were upregulated just after birth, five
altered after one week, and three upregulated after one
Table 1 – Demographic data of AGA and IUGR groups according to their gestational age.
Goup 1
(GA from 29 to 32 weeks)
N: 13/15
Goup 2
(GA from 33 to 36 weeks)
N: 15/15
Group 3
(GA ≥ 37 weeks) N: 15/15
AGA IUGR p AGA IUGR p AGA IUGR p
Gender (M/F) 6/9 5/8 NS 6/9 7/8 NS 7/8 6/9 NS
GA (weeks) 30.86 ± 0.9 30.83 ± 1.06 0.953 33.53 ± 0.16 34.57 ± 0.31 0.07 40.3 ± 0.18 38.1 ± 0.31 0.08
Birth weight (g) 1572 ± 48 1132 ± 48 <0.001 2067 ± 98 1740 ± 65 <0.001 3498 ± 124 2056 ± 42 <0.001
Birth height (cm) 41.87 ± 0.45 38.46 ± 0.59 <0.001 43.92 ± 0.66 42.96 ± 0.70 0.255 51.5 ± 0.60 45.9 ± 0.43 <0.001
Head circumference (cm) 28.8 ± 0.41 26.69 ± 0.28 <0.001 30.93 ± 0.34 30.73 ± 0.50 0.743 34.7 ± 0.36 32.3 ± 0.27 <0.001
Apgar score (1 min–5 min) 7.6 ± 0.49 7.3 ± 0.41 0.746 7.9 ± 0.20 7.6 ± 0.30 0.374 7.1 ± 0.41 7.7 ± 0.52 0.384
9.2 ± 0.42 8.6 ± 0.49 0.074 9.3 ± 0.15 9.0 ± 0.21 0.228 8.7 ± 0.28 9.4 ± 0.25 0.084
Delivery mode (V/C) 6/9 4/9 0.052 6/9 3/12 <0.001 6/9 9/6 0.289
0.289 0.289 0.289
Abbreviations: IUGR, intrauterine growth restriction; AGA, appropiate for gestational age; M, male; F, female; GA, gestational age; V, vaginal; C,
cesarean; NS, non significant. Numbers are mean ± SD. Comparison of variables between AGA and IUGR groups was carried out using Student's
t-test. The p < 0.05 value was established as statistically significant.











month. Proteins 19 and 20 were upregulated in IUGR of all GA
groups and at most blood extraction times.
The thirty-three significantly altered proteins were excised,
trypsin-digested and subjected to MALDI-TOF/TOF analysis,
and all were identified. Table 2 includes the characteristics of
eight proteins present/absent in IUGR or AGA, and the average
intensities of these proteins are included in Suppl. Data Table 1.
Lysophospholipid acyltransferase 7 (MBOAT7, protein 1) was
Fig. 1 – Representative 2-DE gel of AGA infants. The red trianglemarks a protein detected in IUGR but absent in AGA. Red circles
indicate seven other proteins detected only in AGA but absent in IUGR.
Fig. 2 – Representative 2-DE gel of one IUGR group. The red circles indicate the twenty upregulated proteins and the green
circles indicate five downregulated proteins.





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































exclusively detected in IUGRs of each GA and blood extraction
time. Seven other proteins were exclusive of AGA, as described
below.
1) Two were detected in one GA at all extraction times: small
ubiquitin-related modifier 3 (SUMO3) in “Very Preterm”
and apolipoprotein L1 fragment (APOL1) in “Term”.
2) Two were detected at certain moments: putative beta
defensin (DEFB108), after one week in “Very Preterm” and
Ig lambda-6 chain C (IGLC6) just after birth in AGA of every
GA.
3) Two were expressed later in IUGR. Ig lambda-2 chain C
(IGLC2) was never detected immediately after birth and
was visible in AGA of all GA after one week and onemonth;
in contrast, in IUGR it was only detected after one month.
Keratin type I cytoskeletal 9 (KRT9) was not detected
immediately after birth in “Very Preterm” AGA, but only
after one week and onemonth; yet, in IUGR of this group, it
was only visible after one month.
4) Coiled-coil domain-containing protein 51 fragment (CCDC51),
detected only in “Term”, was found at all sampling times in
AGA, while in IUGR only immediately after birth.
Table 3 includes the characteristics of the twenty five
proteins altered ≥2.5-fold in IUGR, and their average inten-
sities are included in Suppl. Data Table 2. Twenty proteins
were upregulated in IUGR at different extraction times, as
described below.
5) Eighteen proteins were upregulated at certain moments of
the study, as described below.
In “Very Preterm”, seven proteins were upregulated just
after birth, namely five abundant serum albumins (ALBU),
gelsolin (GSN), also abundant, and apolipoprotein E
(APOE) with a moderate intensity.
In “Very Preterm”, three proteins were upregulated after
one week and one month, two faint, keratin type I
cytoskeletal 10 (KRT10) and solute carrier family 41member
2 (Fragment SLC41A2), and one moderate, anaphase-
promoting complex subunit 2 (ANAPC2).
In “Moderate Preterm”, two proteins were upregulated
from birth to one week, apolipoprotein A-I (APOA1) and
UTP-glucose-1-P uridylyl-transferase (UPG2), intense and
moderately abundant, respectively.
In “Moderate Preterm” and “Term”, two moderately
abundant proteins, both identified as alpha-1-antitrypsin
(SERPIN1), increased from one week to one month.
Dynein heavy chain 6 axonemal (DNAH6) was upregulated
after one month in “Moderate Preterm” and immediately
after birth in “Term”. Beta-2-glyco-protein 1 fragment
(APOH) was upregulated in “Moderate Preterm” at all
blood extraction times.
Two moderately abundant proteins were upregulated
in “Terms” immediately at birth, and after one week,
peroxiredoxin-2 (PRDX2) and fibrinogen beta chain (FGB).
6) Two serotransferrin (TF) were upregulated in “Very Pre-
term” and “Terms” at all sampling times and after one
week in “Moderate Preterm”.
Five other proteins were downregulated in IUGR (Suppl.
Data Table 2): ficolin-2 (FCN2) after one week in “Very Preterm”,
two vitronectin (VTN) immediately after birth in “Moderate
Preterm”, Ras-related protein Rab 35 (RAB35) after one month
in “Moderate Preterm” and after one week in “Term”, and
beta-2-glycoprotein 1 fragment (APOH) after one month in
“Moderate Preterm”.
The levels of three selected proteins were measured by
Western blot in the same sera used for Proteomics, confirming
much higher levels of MBOAT7 and lower levels of APOL1 and
SUMO3 in IUGR compared to AGA (Fig. 3). Incubation of
anti-MBOAT7 with sera of “Very Preterm” and “Moderate
Preterm” gave similar results (data not shown) to those of Fig. 3
with “Term”, thus confirming the data of Table 2. Anti-SUMO3
and anti-APOL1 only reacted with sera of “Very Preterm” and
“Term”, respectively (data not shown). Anti-SUMO3 also recog-
nized SUMO-conjugated proteins: actually Fig. 3 shows amarked
decrease in the levels of sumoylated proteins.
4. Discussion
It is well known that adverse conditions during intrauterine life
can cause permanent changes to the physiology and metabo-
lism of newborns that increase the risk of disease in adulthood
[32]. In view of the dramatic consequences of IUGR, the search
for earlywarning signshas becomeapriority for neonatologists.
To this end, conventional approaches are being combined with
new methodologies, including those derived from -omic tech-
nologies [16]. In the present study, we have compared the
serum proteome profiles of venous blood samples from IUGR
and AGA neonates, classified according to their GA, using 2-DE
to identify, via MALDI-TOF/TOF, protein expression changes.
Our principal thought was that these changes could provide
information about the underlying mechanism of IUGR and/or
be useful as potential biomarkers of postnatal pathology, such
as arterial hypertension, diabetes and obesity.
New biomarkers showing the susceptibility of IUGR to
developing metabolic syndrome as adults have been assessed
via -omics methodologies. Metabolomics detected higher myo-
inositol and creatinine levels in the urine of IUGR compared
with AGA, suggesting that a diminished insulin secretion could
explain the lower birth weight and higher lipid and protein
catabolism of IUGR [23]. Another emergent -omic is Proteomics,
which studies the global changes of protein expression and
their posttranslational modifications, that enables the discov-
ery of new biomarkers useful for the diagnosis, treatment and
follow-upof various diseases [33]. The proteomeof animal IUGR
models has been studied in different organs [18–22]. The first
proteomic study assessing IUGR in human fluids was that of
Karamessinis et al. [24] who found post-translational modifica-
tions in umbilical cord serum of IUGR infants, and decreased
fetuin-A glycosylation and sialylation. Later, Ceconi et al.
reported protein alterations in IUGR umbilical cord serum and
amniotic fluid [25], affecting proteins involved in coagulation,
the immune response, blood pressure and iron and copper
homeostasis. Cord blood alterations toward an atherogenic
phenotype were assumed to underlay the predisposition of
IUGRs for cardiovascular diseases [34]. Thus, in umbilical cord
blood sera of 15 IUGR and 15 AGA, the six best ion signals
obtained by MALDI-TOF profiling were considered to represent
the IUGR proteome signature, also suggesting apolipoprotein
C-III0 as a potential key marker [26]. Since they focused on the


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































atherogenic phenotype secondary to IUGR, a Protein Profiling
Kit MB-HIC8 (Bruker) based on hydrophobic interactions was
used to enrich the serum proteins from umbilical cord blood. In
consequence, most proteins identified were lipoprotein com-
ponents and transporters, and major blood proteins, as several
hemoglobin chains, were also included [26]. Subsequently,
these authors reported that MS profiling is confirmatory to
clinical surveillancewith thepotential to identify neonateswith
IUGR postnatally [27].
As far aswe know, the present study is the first to assess the
changes in serumproteome of IUGR neonates stratified by their
GA, in venous blood samples drawn at 1, 7 and 30 days after
birth, not in umbilical cord blood as previously made in
previous studies in human neonates [24–27]. Sera from each
GA group were pooled, so that each neonate contributed an
equal amount of protein to the mixture before 2-DE analysis.
Sample pooling has become a common practice in Proteomics,
because the analysis of pooled samples helps to reduce the
number of replicates required and the standard deviation
obtained from individual samples [35]. To focus on minority
serum proteins and to avoid any bias toward lipoproteins
[26,27,34], the abundant serumproteinsweredepletedusing the
ProteoMinerTM kit (Bio-Rad®), which depletes high-abundance
proteins via binding to a highly diverse bead-based library of
combinatorial peptides while enriching those of medium- and
low-abundance, without using immunodepletion.
Our study identified 26 proteins characteristic of IUGR infants.
One,MBOAT7,wasonlydetected in IUGRbutnot inAGA.Another
twenty were upregulated ≥2.5-fold in IUGR, including five ALBU
isoforms, GSN, APOE, KRT10, SLC41A2, ANAPC2, APOA1, UGP2,
two SERPIN1 isoforms, DNAH6, APOH, PRDX2, FGB, and two TFs.
Another five proteins diminished ≥2.5-fold in IUGR: FCN2, two
VTNs, RAB35, and APOH fragment. Seven other proteins were
detected only in AGA, but were below the detection limits in
IUGR: SUMO3, APOL1 fragment, DEFB108P1, IGLC6, IGLC2, KRT9
and CCDC51 fragment. In total, 33 proteins were differentially
expressed in IUGR compared to AGA.
To confirm the changes of protein expression detected by
2-DE, Western blots were analyzed for three proteins, selected
for their functions, our results, and their presence/absence in
the groups studied. In all cases, Western blots confirmed the
trends (up or downregulation) observed by proteomic analy-
sis. The higher sensitivity of Western blot over 2-DE image
analysis allowed to quantitate the differences in proteins
initially classified as present/absent in one of our study
groups. Thus, MBOAT7, identified as exclusively present in
IUGR but absent from AGA was 20.5-fold more abundant in
IUGR, confirming that the intensity of this spot was below its
2-DE detection limit in AGA. Similarly, two of the seven
proteins detected as only present in AGA and absent in IUGR,




Fig. 3 – Western blots obtained with sera from AGA and IUGR, after using anti-MBOAT7, anti-SUMO3 and anti-APOL1
antibodies.











4.1. Biological significance of the proteins characteristic of
IUGR or AGA neonates
Lysophospholipid acyltransferase (MBOAT7), detected in all
IUGR gestational age groups and blood extraction times,
pertains to the membrane-bound acyl-transferase (MBOAT)
family that attaches arachidonic (AA) and eicosapentaenoic
acids to lysophosphatidylinositol converting it to phos-
phatidylinositol, key for membrane structure/function and for
signal transduction. MBOAT7 belongs to the remodeling path-
way of phosphoinositides (Land's cycle) that regulates free AA
levels and leukotriene synthesis in neutrophils [36]. Significant-
ly, the pre- and postnatal AA status is related to neurological
function. The fatty acid content of phosphatidylinositol is
unique because AA predominates in its sn-2 position [37].
Phosphoinositides have key regulatory roles, because their
head groups are phosphorylated to many forms that, besides
classic signal transduction, regulate membrane trafficking,
cytoskeleton, nuclear events, permeability and transport [38].
Free AA probably also induces apoptosis [39], thus high
MBOAT7 levels in IUGR infants would affect apoptosis. The
significance of AA in phosphatidylinositol was recently studied
in knockout mice: MBOAT7−/− mice die within 1 month with
atrophied cerebral cortex and hippocampus, disordered neuro-
nal processes and lamination, delayed cortical neuronal migra-
tion, and reduced neurite outgrowth in vitro [37]. Neuronal
cortex atrophy inMBOAT7-knockoutmice ismost likely related
to an increased number of apoptotic cells [36]. In fetal diseases,
including IUGR, brain growth is preserved even if blood flow via
the umbilical cord is diminished, and the brain volume
decreases less than that of other organs, such as the liver.
Upregulation of MBOAT7 in IUGR could be a compensatory or
defensivemechanism, similar to that observed in shock, where
blood flow through the brain and heart is preserved, allowing
adequate development and neuronal growthwhen fetal growth
is compromised. Note that the MBOAT7 levels in IUGR are
slightly over the detection limits of image analysis, as con-
firmed by a 20.5-fold higher level compared to AGA determined
by Western blot.
Two serotransferrins (TFs) were also up-regulated in
venous blood sera of IUGR of all GA. Our finding confirms
that of Karamessinis et al. [24] reporting TF upregulation in
umbilical cord serum of IUGR compared to AGA. In contrast to
Karamessinis data and to our own results, Cecconi et al. [25]
reported TF as downregulated in IUGR infants. TFs were
reported to decrease in the intestine of IUGR piglets [19]. If this
happens in IUGR neonates, a reverse relationship could exist
between TFs levels in intestine and blood, although we have
not found proofs of it. TFs are transport proteins that bind 2
Fe3+ ions and an anion, usually bicarbonate; they carry iron
from sites of absorption and heme degradation to those of
storage and use [40] and stimulate cell proliferation. Disrup-
tion of Fe homeostasis is linked to chronic diseases, including
cardiovascular, malignant, metabolic and neurodegenerative
disorders. High TF levels in the serum of IUGR neonates may
result in iron excess, generally considered to contribute to
chronic disease by free radical production. Epidemiological
and experimental studies, strongly support the association
between iron and a higher risk of cardiovascular disease and
diabetes [41], both adult conditions related to IUGR.
Abundant proteins, upregulated in “Very Preterm” IUGR
exclusively at birth, included five albumins, involved in
transport of bile acids, salts and small organic anions. Another
co-upregulated abundant proteinwas gelsolin, an actin-binding
protein that regulates actin filament assembly and disassem-
bly. Apolipoprotein E, a component of chylomicrons and IDL,
and key for lipoprotein catabolism, was co-expressed with
them. Three other proteinswere also upregulated, keratin type I
cytoskeletal 10, solute carrier family 41member 2 fragment, and
anaphase-promoting complex subunit 2.
Three proteins were upregulated in “Moderate Preterm”
IUGR. One is apolipoprotein A-I, acting in the reverse transport
of cholesterol from tissues for excretion and as a cofactor for the
lecithin cholesterol acyltransferase. Another is UTP-glucose-1-P
uridylyl-transferase, which donates glucosyl residues in meta-
bolic pathways. Also upregulated was beta-2-glycoprotein,
which binds to heparin, phospholipids, and dextran sulfate,
and prevents activation of the intrinsic blood coagulation
cascade by binding to the surface of damaged cells.
Two proteins were upregulated in “Moderate Preterm” and
“Term” IUGR: dynein heavy chain 6 axonemal, a microtubule
motor protein with ATPase activity, and alpha-1-antitrypsin
(SERPIN1), synthesized by liver, macrophages neutrophils and
trophoblast [42]. SERPIN1 increases in several diseases with an
inflammatory component [43]. Even minor increases of this
protein are associated with arterial hypertension and higher
risk of cardiovascular disease [44], both related to IUGR at adult
ages. By inhibiting the activity of the kallikrein-kinin-system,
SERPIN1 could favor the renin–angiotensin system, leading to
systemic vasoconstriction and hypertension [45]. SERPIN1
concentrations were highest in women delivering SGA infants
compared to women delivering AGA infants [46]. Thus, alpha-
1-antitripsin may play a role in the process of IUGR.
“Term” IUGR infants also upregulated peroxiredoxin-2
(PRDX2), which reduces H2O2, short chain fatty acid and
phospholipid hydroperoxides, regulates phospholipid turnover,
and protects cells from oxidative injury. PRDX2 is upregulated
with other antioxidative defenses in the small intestine of IUGR
piglets to partially protect the compromised gut [47]. “Term”
IUGR infants also upregulated fibrinogen beta chain (FGB), a
dual function protein that yields monomers that polymerize
into fibrin and are a cofactor for platelet aggregation. IUGR
infants have a prothrombotic state due to altered levels of
inhibitor of plasminogenactivator (PAI) [48]. This prothrombotic
status could start by FGB induction one week after birth.
Five proteins were downregulated in IUGR. Ficolin-2 (FCN2)
acts in innate immunity by activating the complement path-
way. Vitronectin (VTN) interacts with glycosamino- and pro-
teoglycans, is recognized by integrins, and serves as a cell
adhesion molecule. Ras-related protein Rab 35 regulates intra-
cellular membrane trafficking, from the formation of transport
vesicles to their fusion with membranes. The decrease of
beta-2-glycoprotein 1 (fragment) could be related to the parallel
increase of intact beta-2-glycoprotein 1 (APOH).
The undetectable levels of SUMO3, APOL1, DEFB108A, and
IGLC6, in IUGR are striking, as was the delayed expression
of IGLC2, KRT9, in some GA groups, and the disappearance
of CCDC51. The ubiquitin-related globular protein, SUMO3,
covalently modifies other proteins in the sumoylation process
involved in cell-cycle, transcriptional regulation, intracellular












transport, chromatin structure and DNA repair, chromosome
dynamics, apoptosis, and ribosome biogenesis, regulating
also protein localization and activity [49]. SUMO3 increases
after heat shock or oxidative stress [50]. Several diseases,
including infections, cancer and neurodegenerative disorders
are associated with SUMOylation alterations [49]. Expression
of SUMO3 only in “Very Preterm” AGA could derive from the
stress stemming from premature delivery (29–32 weeks). The
absence of SUMO3 in “Very Preterm” IUGR could indicate a
decreased responsiveness to stress, or an early increase of
SUMO3 following an IUGR trigger, and its subsequent decrease
below our detection limits. This distinction could have been
made by including “Extremely Preterm” IUGR (<29 weeks),
although it was ruled out. The absence of SUMO3 from all
other AGA groups and IUGR remains to be explained. During
pregnancy, deregulation of APOL1, a minor component of HDL
involved in cholesterol and lipoprotein metabolism, is asso-
ciated with fetal growth retardation, preeclampsia, and onset
of adult atherosclerosis [51]. Expression of APOL1 in “Term”
AGA at all extraction times, and its absence at earlier GA
and in IUGR, also remains to be explained. DEFB108A is a
microbicidal and cytotoxic peptide made by neutrophils. IGLC6
and IGLC2, which form part of the antibody light chain, are also
defensive andhavemany roles in the innate immune response.
Note that IUGR infants, compared to AGA, show a global
decrease in proteins involved in humoral immune defense. In
fact, in addition to the absence or the delayed appearance of
IGLC6, IGLC2 and DEFB, other proteins, such as FCN and VTN,
are downregulated, confirming the depletion of humoral and
cell-mediated immunity as a characteristic of IUGR, which
increases their susceptibility to infections.
IUGR infants who are also premature, especially those who
are “Very/Extremely Preterm”, have a greater mortality and risk
of acute or chronic morbidity, including respiratory distress
syndrome, bronchopulmonary dysplasia or retinopathy of
prematurity, than premature babies of adequate weight at
birthand similar gestational age [52,53]. These infants should be
organized in groups according to their GA because “Very
Premature” cannot be compared to “Moderate Premature” or
“Term”, given their different management, associated morbid-
ities and long-term complications.
One limitation of our study is that “Extremely Premature”
of <29 weeks GA are not included. This could be the subject of a
future study, analyzing the proteome of the most immature
preterms with a higher probability of short-/long-term compli-
cations. As in most 2-DE studies some proteins might not be
detected, such as those of Mr <20 kD or extreme pIs. Note that
in IPG strips of pH 3–10,most spots concentratedwithin pH 4–7,
so we used pH 4–7 IPG strips to improve the 2 DE resolution and
to detect as many proteins as possible.
In our opinion, 13–15 patients per group are enough for a
pilot study to show significant changes in protein expression.
All newborns with known congenital infection, genetic
disorders or congenital malformations, that could be con-
founding factors, were excluded from our study. We included
only infants with a birth weight ≤10th centile for their
gestational age and sex, with echographic data of placental
function alterations identified by abnormal Doppler of the
umbilical artery or by a reduction in growth rate. In fact,
previous studies in animals and humans showed that IUGR
caused by placental insufficiency, maternal malnutrition, or
insufficient fetal oxygen supply is associated with subsequent
metabolic disease in the adult due to the so-called fetal
programming [11,54].
5. Conclusions
IUGR alters the expression of thirty three proteins. One-third
(12) were involved in different aspects of transport, another
third (9) participated in blood coagulation and the immune
response, five were related to the cytoskeleton, four involved
in proteolysis, two in metabolism and one in antioxidative
defense. The remarkable MBOAT7 expression in IUGR might
be an adaptative response to an adverse fetal environment,
reminiscent of Barker's fetal programming theory. This finding
opens a new field of study that could improve our knowledge of
pathophysiological mechanisms involved in IUGR and facilitate
the identification of novel biomarkers useful for thediagnosis of
morbidities associated with this entity.
Supplementary data to this article can be found online at
http://dx.doi.org/10.1016/j.jprot.2015.02.003.
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